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© Derivatives of 7-oxo-1-azabicyclo(3.2.0)-hept-2-ene-2-carboxylic acid, their preparation, their pharmaceutical use and 
intermediates. 

The present invention provides a compound of formula 
(I):- O 



\ 



<- C °2 R 

^ wheff.f. 0 is hydrogen, afkyl, alkenyl, substituted alkyl or 
suMbt * . . 1 - 1 ^u^nyi. R, is alkyl or aryl. substituted alkyl or 



^ Sutist-Ui't-r 



CD 



t-n ar v 1 and R is an organic group such that -C0 2 R is 



^ a'-- est-' tt'oup The compounds are useful as antibacterial 
and fi irti-ra^'dsr inhibitory agents. 
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This present invention relates xo a novel series 
of 2 -lactam, derivatives, to a method for their 
preparation, to their use as anti-bacterial and 3- 
lactamase inhibitory agents. 

We have discovered a new series of bicyclic 5- 
lactam derivatives which have anti-bacterial activity, 
and inhibit p-lactamase enzymes. These enzymes 

are produced by certain bacteria which are resistant 
to penicillins and cephalosporins. The compounds are 
therefore of value in the treatment of bacterial infect ions 
in man and animals, particularly domestic animals such 
as cattle, pigs and poultry, especially where the infection 
is caused by a ^-lactamase producing strain of bacteria. 
The compounds may be used with a penicillin or cephalosporin 
to enhance the activity of these latter antibiotics 
against resistant micro-organisms. The compounds may 
also be used as disinfectants for example in, mineral 
oils. 

Accordingly, the present invention provides a 
compound of formula (1):- O 



T 




o 



N 



\ 



CO^R 



(I) 
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wherein G is hydrogen, alkyl, alkenyl , substituted 
alkyl or substituted alkenyl, R ± is alkyl or aryl , 
substituted alkyl or substituted aryl, and R is an 

organic group such that -C0 2 R is an ester group. 

Typical alkyl and alkenyl groups which G represents 

are those which contain up to seven carbon atoms. 

Typical substituted alkyl groups which G represents are 

groups of formula (II)- 



R 



2 ^ R 3 



R 



'4 (II) 

wherein R 2 is hydrogen or hydroxyl and R 3 and R which 
may be the same or different represent hydrogen,' C, to C 
alkyl, phenyl, or phenyl substituted by one or more C ± 
to C 6 alkyl groups, to C 6 alkoxy groups, nitro groups o 

halogen atoms, or R 3 and R 4 together represent an alkylene 
group containing from 4 to 6 carbon atoms. 



Typical alkenyl groups which G represents • are 
prop-2-en-l-yl,3-methylbut-2-en-l-yl, and pent-2-en-l-yl . 
Particular substituted alkenyl groups which G 
represents are 4-oxopent-2-en-l-yl and 3-methoxy- 
carbonylprop-2-enyl . 

R x typically represents to C 6 alkyl, to 
C 6 alkyl substituted with hydroxy, amino or protected 

amino group; phenyl or phenyl substituted with one or 
more halogen atoms, C ± to C 6 alkyl groups, C 1 to C 6 
alkoxy groups, amino or protected amino groups. 
Suitable amino protecting groups include C, to C, 

X o 



- 3 - 
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alkanoyl, benzyloxycarbonyl and p-nitrobenzyloxycarbonvl 
Preferred values for R ± are 2-ace t amidoethyl , phenyl 
P-acetamidophenylj unbranched alkyl groups such as 
ethyl, propyl and butyl; and tertiary alkyl groups 
" Wh±Ch thS t^tiary centre is a to the sulphur atom 
e.g. t-butyl and 1 , 1-dimethyl propyl. 

Suitable ester forming groups which R represents 
are ^ to C 6 alkyl: benzyl; substituted benzyl, 
particularly p-nit roben 2y l and p T methoxybenzyl phenacyl; 
substituted phenacyl, such as p-bromophenacyl; and 
2,2,2-trichloroethylj as well as groups such that 
-C0 2 R is readily hydrolysable in vivo particularly in 
man to yield the free carboxylic acid, for example, 
the phthalidyl, phthalimidomethyl, a-ethoxycarbonyloxv- 
ethyl and C± to C 6 alkanoyloxymethyl such as pivaloyloxy- 
methyl and acetoxymethyl . 

One particular subgroup of compounds falling 
within the general definition of formula (I) are those 
wherein G is hydrogen i.e. compounds of general formula 
( III) :_ 

H 




(III) 



wherein R and R 1 are as previously defined, with 
reference to formula (I). 

Examples of this class of compounds are:- 
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Methyl 7-oxo-3-ethyl S ulphinyl- 1-azabicyclo [ 3 . 2 . O ] 
hept-2-ene-2-carboxylate , 

Benzyl 7-oxo-3-phenyl-sulphinyl-l-azabicyclo [3 . 2 . o] 
hept-2-ene-2-carboxylate , 
5 Benzyl 7-oxo-3-ethylsulphinyl- 1-azabicyclo [ 3 . 2 . O ] 

hept-2-ene-2-carboxylate , 

Benzyl 3-acetylaminoethylsulphinyl-7-oxo- 1-azabicyclo 
[3.2 . 0]hept-2-enG-2-carboxylate , 

Benzyl 3- ( 4-Acetylaminophenyl ) sulphinyl-7-oxo- 1- 
lO azabicyclo[3.2.0]hept-2-ene-2-carboxylate, 

Benzyl 3-t-butyl sulphinyl-7-oxo- 1-azabicyclo [3 • 2 .o] 
hept-2-ene-2-carboxylate , 

Benzyl 3- ( 2 '-hydroxyethyl ) sulphinyl-7-oxo-l-azabicyclo 
[3.2.0]hept-2-ene-2-carboxylate 
15 Benzyl 7-oxo-3-t ritylsulphinyl-1-azabicyclo [3 . 2 • O] 

hept-2-ene-2-carboxylate 

Benzyl 3-nit roethylsulphinyl-7-oxo-l-azabicyclo [ 3 . 2 .O] 
hept-2-ene-2-carboxylate , 

Benzyl 7-oxo- 3- t ritylaminoethylsulphinyl- 1-azabicyclo 
20 [3* 2 ,0]hept-2-ene-2-carboxylate, 

4-Nitrobenzyl 3-ethylsulphinyl-7»oxo-l-azabicyclo[3. 2 .O] 
hept-2-ene-2-carboxylate , 

4-Nitrobenzyl 3- acetyl aminoe thy lsulphinyl-7-oxo-l- 
azabicyclo- [3 . 2 . 0]hept-2-ene-2-carboxylate , 
25 4-Nitrobenzyl 7-oxo-3-tritylamino^uIphinyl-l-azabicyclo- 

[3 w 2,o]hept-2-ene-2-carboxylate and 

4-Nitrobenzyl 3- ( 4 -nit robenzyloxycarbonyl ) aminoethyl- 
sulphiny 1-7-oxo- 1-azabicyclo [3. 2. Ojhept- 2- ene-2-carboxy late , 
A second subgroup of compounds falling within the 
30 general definition of formula (I) are those wherein G 

is a group of formula (II) above in which R 2 is hydroxyl , 
i.e. compounds of formula (IV):- 
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wherein R and R ± are as defined above with reference to 
formula. (I) and R 3 and R 4 are as defined above with 
reference to formula (II). 

Examples of compounds of this type are:- 
Benzyl 6- ( 2-hydroxy-2-propyl ) -7-oxo-3-ethylsulphinyl- 

l-azabicyclo[3,2,o]hept-2-ene-2-carboxylate, 
Benzyl 6- ( 1 -hydroxyethyl ) -7-oxo-3-phenylsulphinyl-l- 

azabicyclo[3,2,o]hept-2-ene-2-carboxylate, 

and 

Phthalidyl 6-(l-hydroxyethyl ) -7-oxo-3-phenylsulphinyl-l- 

azabicyclo[3,2,o]hept-2-ene-2-carboxylate. 
A further subgroup of compounds falling within the 
general definition of formula (I) are those wherein G 
is methoxycarbonylprop-2-ene-l-yl . 

Examples of such compounds are:- 
Benzyl 6-( 3-methoxycarbonylprop-2-ene-l-yl )-7-oxo-3- 
phenylsulphinyl-l-azabicyclo[3,2,o]hept-2-ene-2-carboxylate, 
p-Bromophenacyl 3-ethylsulphinyl-6-( 3-methoxycarbonylprop- 

2-ene-l-yl)_7-oxo-l-azabicyclo[3,2,o]hept-2-ene-2- 
carboxylate 

Phthalidyl 3-ethylsulphinyl-6- ( 3-methoxycarbonylprop- 

2-ene-l-yl)-7-oxo-l-azabicyclo[3,2,0]hept-2-ene-2- 
carboxylate, 
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2,2,2-Trichloroethyl 3-(2 f ,4' ,5'-trichlorophen\l) 
sulphinyl-6- ( 3-methoxycarbonylprop-2-ene-l-yl ) -7-oxo- 

1- a2abicyclo[3,2,o]hept-2-ene-2-carboxylate, and 
p-Bromphenacyl 3-t-butylsulphinyl-6- ( 3-methoxj carbonylprop- 

2- ene-l-yl)-7-oxo-l-azabicyclo[3,2,o]hept-2-ene-2- 
carboxylate. 

Compounds of formula (I) possess two principal 
chiral centres viz the carbon atom marked 5 below and 
the sulphur atom. When G is other than hydrogen the 

compounds have a third chiral centre, carbon 6. 
G 



i_! 



O 



C0 2 R 



Thus, when we refer generally to compounds of formula 
(I) herein, we mean mixtures of stereochemical isomers 
as well as pure isomers. Compounds in which the C-5 
carbon atom has the stereochemistry shown in (V) below 
are preferred. 

Unless otherwise specified, reference to compounds (V) 
means enantiomeric mixtures. Within this group, the 
hydrogen atom attached to the C-6 carbon atom may be 
cis or trans to the hydrogen atom attached to the C-5 
carbon atom. The cis and trans series both have 
advantageous levels of anti-bacterial and p-lactamase 
inhibitory activity but the activity of the cis compounds 
is marginally superior. The cis compounds have the 
stereochemistry of formula (V). 




(V) 
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Compounds of general formula (I) ,-,re j s& neric 
sulphur atom 
below: — 



at 



the 




as shown in formulae (la) and (lb) 

O 



H 




R. 



o 



(la) 



- N — 
(lb) 



CQ 2 R 



where the wedge shaped bond and the hatched bond have 
their usual stereochemical significance. Compounds (lb) 
have marginally superior biological activity. 

When using the compounds of this invention as medicinal 
agents they . may be presented in a number of different 
dosage forms in accordance, with standard pharmaceutical 
and veterinary practice. 

Accordingly, the invention provides a pharma- 
ceutical or veterinary composition comprising a compound 
of formula (I) as defined above together with a 
pharmaceutical^ or veterinary acceptable carrier. 

Compounds of formula (I) which are active when 
given orally may be compounded in the form of syrups, 
tablets, capsules and lozenges. A syrup formulation 
will generally consist of a suspension or solution of 
the compound in a suitable liquid carrier such as ethyl 
alcohol, glycerine or water with a flavouring or colouring 
agent. Where the composition is in the form of a capsule 
the solid in granular form is encased in a gelatin shell. 
Where the composition is in the form of a tablet, any 
suitable pharmaceutical carrier routinely used for 
preparing solid formulations may be used. Examples of 
such carriers include magnesium stear.--.t«?, starch, 
lactose, glucose, sucrose, rice flour and chalk. The 
compounds of this invention may be present in compositions 
for injection in a sterile aqueous .carrier or parent e rally 
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acceptable oil. Alternatively, the compounds may be 
administered topically as a cream, or lotion, or as a 
pessary or suppository. 

The effective dose of compound (I) depends upon 
the particular compound employed but in general is 
in x:ie range of from 2.0 to SO mg/kg/day, the exact 
dose depending upon the age, weight and condition of the 
paTiont and on the frequency and route of administration. 

Where appropriate, other anti-bacterial agents 
sue;- as penicillins or cephalosporins may be included. 
Par: icularly suitable penicillins include amoxycillin, 
^-P- -illin, ralampicillin , pivampicillin and bacampicillin . 
^ s - ^ common practice, the compositions will usually be 
a-ccr -r.panied by written or printed directions for use in 
the medical treatment concerned. 

Compounds of formula (I) above are prepared by 
deh; "irohalogenating a compound of formula (VI) below. 

Accordingly, the invention further provides a 
me-.~ d for preparing a compound of formula (I) which 
me "" ~-d comprises dehydrohalogenating a compound of 
fo— -...la (VI) :- O 




(VI) 



25 



whe 

for 

wit 

nuc 

the 

anc 



: cin G, R and are as defined with reference to 

r — la (I) and A represents chlorine, bromine or iodine; 

a base of low nucleophilicity . By a base of low 
-eophilicity is meant one which does riot decompose 
- lactam ring of the intermediate (VI). 

Examples of such bases include tertiary cyclic 
acyclic, amines, such as N-methy Imorpholine and 
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triethylamine ; tertiary bicyciic diazalkanes and 
alkenes such as 1 , 5-diazabicyclo [4 , 3,0]non-5-ene , 1 , 5- 
diazabicyclo[5 ,4 ,o]undec-5-ene , and 1 , 4-diazabicyclo 
[2,2,2]octane; and alkali metal bases of low nucleophilicity 
5 such as sodium thiophenoxide . 

We have found that best results are obtained when one 
equivalent of base is used. 

This reaction is suitably carried out in an 
organic solvent. The choice of solvent is not critical 
lO to the success of the reaction. We prefer alkyl alkanoate 

esters such as ethyl acetate, but other solvents such 
as ethers, NN-dimethylf ormamide and dimethylsulphoxide 
are equally acceptable. For convenience, we have used 
ethyl acetate. 

15 We have found that the method produces acceptable 

yields of product when carried out at moderate, (i.e. 

-20 to 40°C) temperatures; room temperature is chosen 

for convenience. 

Although it is not essential for the success of 
20 the reaction, we have found that improved yields are 

obtained when the reaction is carried out under an 

inert atmosphere such as argon or nitrogen. 

The invention further provides a compound of 

formula (VI) above wherein G / R and R 1 are as defined 
25 with -reference to formula (I) and A represents chlorine, 

bromine or iodine. 

Particular values for R, and G are as 

discussed above with reference to compounds of formula 

(I). A particularly suitable value for A is chlorine. 
30 Examples of compounds of formula (VI) include 

Methyl 3-chloro-7-oxo-3-ethylsulphinyl-l-azabicyclo 

[3,2, O ]heptane-2-carboxyl ate • 

Benzyl 3-chloro-7-oxo-3-phenylsulphinyl-l-azabicyclo 
[3 , 2 , 0]heptane-2-carboxylate , 
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Benzyl 3-chloro-7-oxo-3-ethylsulphinyl-l-azabicyclo [ 3 . 2 . O 
heptane-2-carboxylate , 

Benzyl 3- ace tylaminoethylsulphinyl-3-chloro-7-oxo-l- 
azabicyclo[3 f 2 • Ojheptane-2-carboxylate , 

Benzyl 3- ( 4 " -acetamidopheny 1 ) sulphinyl-3-chloro-7-oxo- 

l-azabicyclo[3.2.0]heptane-2-carboxylate, 

Benzyl 3- t-butylsulphinyl-3-chloro-7»oxo-l-azabicyclo 

[3.2.0]heptane-2-carboxylate , 

Benzyl 3-chloro-3-nitroethylsulphinyl-7-oxo-l-azabicyclo 
[3*2 •0]heptane-2 T carboxylate , 

Benzyl 3-chloro-{( 2 1 -hydroxyethyl ) sulphinyl-7-oxo-l- 
azabicyclo [ 3 . 2 . 0]heptane-2-carboxylate , 

Benzyl 3-chloro-7-oxo-3-tritylsulphinyl-l-azabicyclo 
[3 . 2 •0]heptane-2-carboxylate , 

Benzyl 3- chloro-7-oxo- 3- tr it ylaminoethyl sulphonyl- 1- 
azabicyclo [3.2. Ojheptane-2-carboxylate , 
4-Nitrobenzyl 3-chloro-3-ethylsulphinyl-7-oxo-l-aza- 
bicyclo [ 3 . 2 . 0]heptane-2-carboxylate , 

4-Nitrobenzyl 3-acetylaminoethylsulphinyl-3-chloro-7- 
oxo-l-azabicyclo[3.2.0]hGptane-2-carboxylate, .zl 
4-Nitrobenzyl 3-chloro-7-oxo-3-tritylaminoethylsulphinyl- 

1- azabicyclo [3.2 .0]heptane»2-carboxylate, 
4-Nitrobenzyl 3-chloro-3-(4*-nitrobenzyloxycarbonyl- 

aminoethylsulphiny])-7-oxo-l-azabicyclo[3.2.0]hGptane- 

2- carboxylate, 

Benzyl 3-chloro-6-( 2-hydroxy-2-propyl)-3-ethylsulphinyl- 

7-oxo-l-azabicyclo[3.2.o]heptane-2-carboxylate, 

Benzyl 3-chloro-6-( l-hydroxyethyl)-7-oxo-3-phenylsulphinyl 

l-azabicyclo[3.2.o]heptane-2-carboxylate, 

Phthalidyl 3-chloro-6- ( 1-hydroxyethyl )-7-oxo-3-pheny3 sulph 

l-azabicyclo[3,2,o]heptane-2-carboxylate, 

Benzyl 3-chloro-6- ( 3-methoxycarbonylprop-2-ene-l-yl ) - 

-7-oxo-3-phenylsulphinyl-l-azabicyclo[3. 2.0]heptane-2- 
carboxylate, 

p-Bromophenacyl 3-chloro-3-ethylsulphinyl-6- ( 3-me t hoxy- 
carbonylprop-2-ene-l-yj)-7-oxo-l-azabicyclo[3.2.0}- 
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heptane-2-carboxylate , 

p"o?r f" 0 " 0 ™- 3 -^ 1 - Wnyl.6-( 3- methoxycarbonyl . 

prop- 2 -ene-l- yl )-7-oxo-l-a 2 abic y clot3. 2 .o]h e p 1: ane-2- 

carboxylate, 

2,2,2-Trichloroethyl 3-chloro-3- ( 2 • , 4 - , 5 . -t richloro- 
Phenylsulphinyl )- 6 -( 3- m ethox y carbonylp r oo-2-ene-l- y i ) 
7-oxo-l-a 2 abic y clo[3.2.o]heptane-2-carbo;cylate, and 
p-Bromophenacyl 3-butyl S ulphinyl-3-chloro-6- ( 3- 

methoxycarbonylprop-2-ene-l-vl ^ ■? ~ 

^ p * ene - L -y 1 )-7-oxo-l-a 2 £bicyclo[3.2.ol 
heptane-2-carboxylate. 

The compounds of formula (VI) are prepared by 
oxidative halogenation of a suitable 7-oxo-3- thio-1- 
a 2 abicyclo[3,2,o]heptane carboxylate (VII) below 
This oxidative halogenation is essentially a two-step 
reaction, but the whole preparation can be carried out 
as a concerted process without the need to isolate any 
intermediates. 

Accordingly, in a further aspect , tne invent , on 
provxdes a method for preparing a compound of formula 
(VI) above which process comprises reacting a compound 
of formula (VII )•_ 



•N 



CQ 2 R 



(VII) 



25 



wherein G, R and R ± are as defined in formula (I), with 
an oxid 12 mg agent known to convert sulphides to 
sulphoxides and thereafter reacting the sulfoxide so 
produced with a source of electrophilic halogen. 

The preferred values of G, R and R, are discussed 
with reference to formula (I). Suitable halogens are 
discussed with reference to A above. 
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Examples of compounds of formula (VII) are:- 

Methyl 7-oxo-3-ethylthio-l-azabicyclo[3. 2 . o]heptane-2- 
carboxylate , 

Benzyl 7-oxo-3-phenylthio-l-azabicyclo [3 , 2 ,0]heptane- 
5 2-carboxylate , 

Benzyl 7-oxo-3-ethylthio-l-azabicyclo[3.2.0]heptane- 
2-carboxylate, 

Benzyl 3-acetylaminoethylthio-7-oxo-l-azabicyclo[3. 2 . 0] 
heptane- 2-carboxylate , 
lO Benzyl 3- ( 4 1 -acetamidophenyl ) thio-7-oxo-l-azabicyclo - 

[3,2,o]hept ane- 2-carboxylate , 

Benzyl 3- t-butylthio-7-oxo-l-azabicyclo [ 3 . 2 . 0]hept ane- 
2-carboxylate, 

Benzyl 3-nitroethylthio-7-oxo-l-azabicyclo[3. 2 .O] 
15 heptane-2-carboxylate , 

Benzyl 3- ( 2 1 -hydroxyethyl ) thio-7-oxo-l-azabicyclo [3 . 2 .0]- 
heptane-3-carboxylate , 

Benzyl 7-oxo-3-trityl thio-l-azabicyclo[3. 2 .Ojheptane- 
2-carboxylate , 

20 Benzyl 7-oxo-3-tritylaminoethylthio-l-azabicyclo[3 . 2 -O]- 

heptane-2— carboxylate , 

4-Nitrobenzyl 3-ethylthio-7-oxo-l-azabicyclo[3. 2.0]- 
heptane-2— carboxylate , 

4-Nitrobenzyl 3-acetylajninoethylthio-7-oxo-l-azabicyclo- 
25 [3.2.0]heptane-2-carboxylate, 

4-Nitrobenzyl 7-oxo-3-tritylaminoethylthio^l-azabicyclo- 
[3 t 2.o]heptane-2-carboxylate, 

4-Nitrobenzyl 3- ( 4 1 -nit robenzyloxycarbonyl aminoethyl thio ) - 
7-oxo-l-azabicyclo[3.2,0]heptane-2-carboxylate, 
30 Benzyl 6- ( 2-hydroxy-2-propyl ) -3-ethylthio-7-6xo-l- 

azabicyclo [3.2 . 0]heptane-2-carboxylate , 

Benzyl 6- ( 1-hydroxyethyl ) -7-oxo-3-phenylthio-l-azabicyclo 
[3. 2 .0]heptane-2-carboxylate , 

Phthalidyl 6-( 1-hydroxyethyl ) -7-oxo-3-phenylthio-l- 
35 azabicyclo [3 . 2 ♦Ojheipt ane- 2-carboxylate , 
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lO 



15 



20 



25 



30 



35 



Benzyl 6-( 3-metho::ycarbonylprop-2-ene-l-yl ) -7-oxo-3- 
phenylthio-l- a zabicyclo[3.2.o]heptane-2-carboxylate, 
P-Bromophenacyl 3-ethylthio-6-(3-methoxycarbonylprop- 
2-ene-l-y^7-oxo-l-a 2 abicyclo[3.2.0]he P tane-2-carboxylate, 
Phthalidyl 3-ethyithio-6-(3-methoxycarbonylprop-2-ene- 

1- yl)-7-oxo-l-a 2 abicyclo[3.2.0]he P tane-2-carboxylate, 
2,2, 2-Trichloroethyl 3- ( 2 • , 4 « , 5 • , - trichlorophenyl ) thio- 

6-(3-methoxycarbonylprop-2-ene-l-yl)- 7 -oxo-l-a 2 abicyclo 
L3.2.0]he P tane-2-carboxylate, and 

p-Bromophenacyl 3-butylthio-6-( 3-methoxycarbonylprop- 

2- ene-l-yl ) -7-oxo-l- a2 abicyclo[ 3 . 2 . 0]heptane. 2 -carboxylate . 

Standard reagents which are known to oxidize 
sulphides to sulphoxides include per-acids, in particular 
perbenzoic acid and m-chloroperbenzoic acid. 
Sources of electrophilic halogens include N-haloamides 
and N-haloimides, e.g. N-halosuccinimides; sulphury 1 
halides and elemental halogens. 

We have found that both oxidation and halooenation 
can be conveniently carried out using approximately 
2 molar proportions of iodobenzene dichloride and at 
least 1 molar proportion of water in an organic solvent 
in the presence of 3 molar proportions of an organic 
base. Organic bases which are suitable for use 
in the iodobenzene dichloride process include tertiary 
aliphatic amines such as triethylamine and aromatic bases 
such as pyridine. 

The reaction is carried out in a organic 
solvent the choice of which is not critical to the 
success of these reactions. We have found that 
aprotic solvents such as halogenated hydrocarbons are 
most convenient. 

The reactions are best carried out at moderate 
to low temperatures, i.e. not greater than 30°C and not 
less than -20°C, 0°C being convenient. Although it is 
not essential, the reaction may be usefully carried out 
under an inert atmosphere such as nitrogen or argon. 
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Intermediates of formula (VII) above may be 
prepared by reacting a suitable 7-oxo-l-azabicyclo 
[3. 2.o]hept-2-ene-2-carboxylate derivative ( VIII ) 
below, with a thiol. 

Accordingly, the invention provides a method 
for preparing a compound of formula (VII) which comprises 
the reaction of a compound of formula (VIII):- 



IO 



15 



20 



25 



N 



C0 2 R 



(VIII) 



wherein G and R are as defined in formula (I) with a 
thiol of formula R^H, wherein R ± is as defined in 
formula (I), in the presence of an inorganic base. 

Particular values for G, R and R 1 are as discussed 
with reference to formula (I) above. 
Examples of compounds of formula (VIII) include 
Methyl 7-oxo-l-azabicyclo [3 . 2 . 0]hept-2-ene-2-carboxylate , 
Benzyl 7-oxo-l-azabicyclo [ 3 . 2 . 0]hept-2-ene-2-carboxylate , 

4-Xitrobenzyl 7-oxo-i-azabicyclo[3. 2 • 0]hep L-2-ene-2- 

carboxylate , 

Benzyl 6- ( 2 -hydroxy- 2 -propyl )-7-oxo-l-a^:abicyclc [2 . 2 . O j- 
hept~2-ene-2-carboxylate . 

Benzyl 6-( 1-hyclrcxyethyl ) -7-oxo-l-azabicyclo [ 3 . 2 . Ojhept- 
2-g r.e-2-carboxyl:.iG , 

Ph thai idyl 6- ( 1-r ydroxyexhyl ) - 7-oxo-l-a2c;bicyci; _ H . 2 . G_ — 
hept-2-er.e-2-car : • oxylate , 

Benzyl 6- ( 3-m(?thuxycarboiiyiprdp-2-3ne - 1- y I ; - 7 -oxc- 1 - 
azabicycio [ 2 . 2 . G r;ept -2- en ^-2 -car boxy la:e , 
p-Croniopher.ac;/! o- ( 3- met hoxycarbonylprop-2- -3: _ .e- 1- y ?\ 7- 
oxc- 1- azabicycio [ 2 ,2,0 j h ep t - 2- ene- 2- carboxylase , 
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lO 



15 



Phthalidyl 6- ( 3-methoxycarbonylprop-2-ene-l-yl ) -7-oxo- 
1-azabicyclo [3.2 .0]hept.2-ene-2-carboxylate , 

l-yl)-7-oxo-l-azabicyclo[3.2.0]hept-2-ene-2--carboxylate, 
and 



Suitably the inorganic base is a carbonate, in 
particular an alkaline earth metal carbonate or an 
alkali metal carbonate such as potassium carbonate. 

The reaction is conveniently carried out in a 
polar organic solvent such as dimethylformamide at 
moderate temperatures i.e. not in excess of 40 0 C, room 
temperature (ca. 20 0 C) being most appropriate. 

The preparation of compounds (I) 
stereochemical^ pure about the sulphur atom may be 
understood with reference to the following scheme:- 
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H 




(Vllb) C0 2 R 

|phici 2 

I H 2 0/Base 




H 




(VIIc)CO„R 



PhlCl 2 
^ H.O/Base 



Isomeric mixture 



1 




(VIIa) C °2 R 



H O/Base 



H 




(la) 



(lb) 




When the thiol R'SH reacts with compounds (VIII) an 
isomeric mixture of (Vila), (Vllb) and (VIIc) results 
in which (Vila) and (Vllb) usually predominate. 

These isomers are separable by physical techniques 
such as chromatography and crystallisation. Isomers 



0 2 5 < 4 



10 



15 
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(Vila) and (Vllb) are transformed stereospecif ically 

to (la) and (lb) respectively in the subsequent reaction 

steps. Isomer (VIIc) produces isomeric mixtures. It 

is also found that where isomers (Vllb) are contaminated 

lost during the subsequent process steps, giving pure 
(lb). 

Since the steps involve no inversion about the 
C-5 carbon atom optically pure (la) and (lb) may be 
obtained by beginning with optically pure (VIII), 
prepared as described below. 

Compounds- of the- formula (VIII) may be prepared 
by a process which comprises the ring closing elimination 
of the elements of O = PA ± ^ 3 from a compound of the 
formula (IX):- 




PA 1 A 2 A 3 



(IX) 



wherein R and G are as defined in relation to formula 
(I) and A ± , A 2 and A 3 are C 1 to C 6 alkyl or phenyl groups. 
Most suitably, A^ , A 2 and A 3 are each phenyl 

groups . 

20 The elimination reaction tends to occur spontaneously 

at relatively low temperatures, for example -20°C to 

o°c. 

The solvent used for the preceding process will 
be an inert organic solvent such as ethyl acetate, 
25 benzene or toluene. 
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The compounds of the formula (IX) may be prepared 
by a sequence such as: 



NH 



(XVIII) 



-OH 



CQ 2 R 



(XVII) 



o 

(XI) 



N\^ PA 1 A 2 A 3 



CG 2 R 



N. .-CI 



O 



(XVI) 



CD 2 R 



\ 



CH, 



N . ^PA lA2 A 2 



(X) CO„R 



(IX) 
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Compounds of the formula (IX) are prepared in turn 
by a process which comprises the ozonolysis in the 
presence of excess trif luoroacet ic acid of a compound 
of the formula (X) : - 



lO 



15 



20 



PA 1 A 2 A 3 



CQ 2 R 



25 



wherein R, G, A^, and A^ are as defined in relation 

to formula (IX) and thereafter neutralising the 
trif luoroacet ic acid . 

This ozonolysis is normally carried out in an 
inert solvent such as ethyl acetate. 

The process is normally carried out at a depressed 
temperature, for example -80° to -20°C, more usually 
at about -70° to -50°C. In general ozone is passed 
through the solution until a light blue colour is 
produced. At this point excess ozone may be removed 
by passing through an inert gas. The intermediate 
ozonide may be reduced by the addition of a con- 

ventional reducing agent such as triphenylphosphine . 
The trif luoroacetic acid should be neutralised for 

example by the addition of a solution of a base such as 
sodium bicarbonate solution at about 0°C. 

Once the neutralization is complete the reaction 
is usually allowed to warm to ambient temperature under 
which conditions the compound spontaneously cyclises. 

Compounds of the formula (X) are prepared by a 
process which comprises reacting compound of formula (XI) 



PA 1 A 2 A 3 




(XI) 
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wherein A ± , A^ A 3 and R are as defined in relation to 
formula (IX) with a base to generate an anion of the 
formula (XII): 



0 



/ 



O 



-N 



CH, 



PA 1 A 2 A 3 



CD 2 R 



(XII) 



wherein , A^ A 3 and R are as defined in relation to 
formula (IX) which is then reacted with a compound of 
the formula (XIII) or (XIV): 

R. 




C = O 



(XIII) 



G l " Y 



(XIV) 



10 



15 



wherein R 3 and R 4 are as defined in relation to formula 
(II), is an alkyl , substituted alkyl , alkenyl or 
substituted alkenyl group and Y is a moiety readily 
displaced by a nucleophile. 

Suitable values for Y include CI, Br, I, OSC» 2 CH 

° ,S0 2' C 6 H 4 CH 3 or the lik e. Particularly suitable values 
for Y include CI, Br and I. 

The generation and. reaction of the anion of the 
formula (XII) is brought about in an inert organic medium 
under aprotic conditions. Suitable solvents for the 
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lO 



15 



20 



reaction include hydrocarbons such as hexane, tetra- 
hydrof uran , dimethoxyethane , f ormdimethylamide , hexa- 
methylphosphorustriamide or mixtures thereof. 

Since the anion is a highly reactive species its 
generation and reaction are normally effected at a 
*afepVeW^ 

suitably -80 to -60°C. 

The base used to generate the anion of the 
formula (XII) will be a strong base of low nucleophilicity , 
Suitable bases include lithium alkyls such as lithium 
butyl, lithium amides such as lithium diisopropylamide 
or lithium hexamethydisilylamide . 

Once formed the anion may be quenched by the 
addition of the dry compound of the formula (XIII) 
or (XIV). The compound of the formula (XIII) or (XIV) 
may be added neat or dissolved in a dry inert solvent. 

It is most suitable to carry out the preceding 
reactions under an inert atmosphere, for example under 
dry nitrogen or dry argon. 

The preceding reaction normally produces a mixture 
of the cis- and trans- compounds of the formulae 
(XVa) and (XVb):- 



25 



H 
t 



/ 



H 

I 
l 



N 



.CH, 



PA lA2 A 3 




CQ 2 R 




CH. 



^ A 1 A 2 A 3 



(XVb) 



(XVa) 

in admixture with their enantiomers. 

These cis— and trans- substituted compounds can 
generally be separated from each other by chromatography, 
for example over silica gel gradiently eluting with a 
solvent mixture such as ethyl acetat e/hexane . 
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When the compound of the formula (XVa) is used 
in subsequent reactions, the cis isomer of compounds 
(I) is obtained. 

The compounds of the formula (XI) may be prepared 
by the reaction of a compound of the formula (XVI):- 



10 



15 




CH, 



(XVI) 

wherein R is as defined in relation to formula (I) with 
a phosphine of the formula PA 1 A 2 A 3 wherein , A,, 
and A 3 are as defined in relation to formula (IX). 

This reaction is normally carried out in an inert 
solvent such as dioxane, tetrahydrof uran or the like 
in the presence of at least 1 equivalent of a base such as 
2,6-lutidine or like base of relatively low nucleophilicity 

In general the reaction is carried out at a non- 
extreme temperature such as about 5-35°C. 

The compound of formula (XVI) may be prepared by 
the reaction of thionyl chloride on a corresponding 
compound of the formula (XVII):- 



20 



N 



OH 



I 



(XVII) 



CQ 2 R 



wherein R is as defined in relation to formula (I). 

This reaction takes place under similar conditions 
to the preparation of the compound for the formula (XVI) 
except that a depressed temperature, for example -30 
to -10°C, is used. 

The compound of the formula (XVII) may be prepared 
by the reaction of a compound of the formula (XVIII):- 
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(XVIII) 



and a compound of the formula (XIX):- 

CHO 

(XIX) 
CQ 2 R 

wherein R is as defined in relation to formula (I). 

This preceding reaction is conveniently carried 
out by reacting the compound together in ref luxing 
benzene in such a manner that any water present is 
continuously removed. 

The azetidinone (XVIII) may be resolved by analogy 
with known methods [see for example British Patent 
Specification No. 1273278], and starting with optically 
pure azetidinone (XVIII) optically pure (VIII) may be 
obtained by the methods set out above. 

The compounds of the formula (I) wherein G is an 
alkenyl or substituted alkenyl group, may also be 
prepared by the following reaction sequence in which 
R 6 and R 7 are the same or different and represent hydrogen 
atoms, alkyl groups or substituted, alkyl groups. In 
particular ^.represents hydrogen, and R ? methyl, ethyl, 
acetyl P ropi ony i and methoxycarbonyl ; or R and R 7 both 
may represent methyl.. 7 



- 24 - 




(XXVI) 
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The compounds of the formula (XX) may be obtained" 
by the method of PaqueUe et al , J. Amer. Chem. Soc, 
90, 289~ (1968). Optically pure (XX) may be prepared 
by resolving a racemic mixture by analogy with known ' 
5 methods for resolving azeti dinones . [see for example 

British Patent Specification No. 1273278]. 

The compounds of the formula (XX) prepared in this 
manner have the cis-conf iguration at the ring junction 
and this configuration is preserved in the compounds 
lO of the formulae (XXI) - (XXVI). Similarly if the 

starting material "(XX) is optically pure, optically 
pure (XXVI) is obtained. 

The compounds of the formula (XXI) may be prepared 
by the reaction of a compound of the formula (XX) with 
15 a compound of the formula (XIX) as hereinbefore defined 

under conditions similar to those described for the 
reaction of a compound of the formulae (XVIII) and (XIX), 

Reaction of a compound of the formula (XXI) with 
thionyl chloride under conditions similar to those 
20 described for the reaction of thionyl chloride with a 

compound of the formula (XVII) may be used to prepare 
the compounds of the formula (XXII). 

The compounds of the formula (XXII) may be con- 
verted into the compounds of the formula (XXIII) by 
25 reaction with a phosphine of the formula PA A A under 

conditions similar to those used for the preparation 
of a compound of the formula (XI) i 

Compounds of the formula (XXIV):- 



OHC 



CHO 



(XXIV) 



C0 2 R 
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lO 



20 



wherein R, , A 2 and A 3 are as defined in relation to 
formula (IX) are prepared by a process which comprises 
the ozonolysis of a compound of the formula (XXIII):- 




PA X A 2 A 3 (XXIII) 
C0 2 R • 

wherein R, A ± , A 2 and A 3 are as defined in relation to 
formula ( IX) . 

The ozonolysis reaction may be brought about under 
conditions similar to those described for -.he ozonolysis 
of the compounds of the formula (X) . 

Once formed the compounds of the formula (XXIV) 
undergo spontaneous cyclisation with elimination of the 
elements of a compound of the formula O = PA 1 A 2 A 3 
and the formation of a compound of the formula (XXV) . 



15 The compounds of the formula (XXV) tend to be 

somewhat unstable so that it is often more . suitable to 
react them in situ with an agent such as a compound of 
the formula (XXVII): 




C = PPh 3 (XXVII) 



or chemically equivalent agents wherein R. and R^ are 

o 7 



the same or different and represent hydrogen atoms, 
alkyl groups or substituted alkyl groups. 

This reaction of the compounds of the formulae (XXV) 
and (XXVII) occurs under conventional reaction conditions 
for reaction of an aldehyde and a phosphorane and gives 
25 the olefins of formula (XXVI), 
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In the Examples below, the reaction of one C r 
.omer only is depicted but each 
out with racemic starting materials. 



'5 

enantxomer only is depicted but each reaction is carried 



Example 1 

Benzyl 7-oxo- 3-phenylsulphinvl-l-azabicvclo f 3 . 2 . Ol 
hept-2-ene-2-carboxylate 





C0 2 CH 2 Ph C0 2 CH 2 Ph 
(1) (2) 
A suspension of the a-chlorosulphoxide (1) (0.058g. ) 
in ethyl acetate (5ml) was stirred under argon at room 
temperature and treated with 1 , 5-diazabicyclo[5 , 4 ,0] 
undec-5-ene (0.022g). After 1 hour, the product was 
washed with brine and dried over sodium sulphate. The 
ethyl acetate solution was concentrated to small bulk 
(ca 0.5ml) and set aside in the refrigerator to complete 
crystallisation. The solid was then filtered off and 
dried; yield 0.030g." of a single sulphoxide isomer (2); 
m.p. 129-131°; \J max(CHCl 3 ) 3000, 1795, 1730 and 1040 cm" 1 ; 
A max (EtOH) 297nm (E 6 ,650) : "C (CDC1 3 ) 2.3-2.8 (IOH, 
phenyls), 4.67 (2H, s, benzyl CH 2 ),5.6-5.9 (1H, 
C5-H), 6.53 (1H, dd, J18 and lOHz, C4-H) , 6.61 (1H, 
dd, J16 and 5Hz, C6-H) , 7.20 (1H, dd, J16 and 3Hz, 
C6-H) and 7.55 (1H, dd , J18 and 8Hz, C4-H); (M + at m/e 
367.0847. C 20 H 1? N0 4 S requires 367.0878); (Found; C, 
65.2; H, 4.8; N, 3.955. C^H^NC^S requires C, 65.4; 
H, 4.7 and N, 3.8%) . 



m. 
m. 
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Exainp 1 e 2 

Benzyl 7-oxo-3-phenvlsulphinvl-l-azabicvclc>r3, 2 ,01 
hept-2-ene-2-carboxylate 



lO 




S-Ph 



C0 2 CH 2 Ph 




O 

7* 



— S-Ph 



C0 2 CH 2 Ph 



15 



(3) . (4) 

A solution of the chlorosulphoxide (3) (0.020g) 
in ethyl acetate (2ml) was stirred under argon at room 
temperature and treated with 1 ,5-diazabicyclo[5 ,4 ,0] 
undec-5-ene (0.008g) in one portion. After a period of 
lO minutes, the reaction mixture was washed with brine 
and dried over sodium sulphate. The ethyl acetate 
solution was evaporated to a gum (0.018g) which was 
substantially pure title compound (4), isomeric at 
sulphur to compound (2). The data for (4) were CHC1 3 ) 
3000, 2940, 1795, 1725 and 1040 cm" 1 ; T (CDC1 3 ) 2*3-2.8 
(lOH, m, phenyls), 4.67 (2H, s , benzyl CH 2 ), 5.8-6*1 
(1H, m, C5-H) , 6.55 ( 1H dd, J16 and 5Hz, C6-H) , 6.79 
(1H, dd, J18 and 8Hz , C4-H) , 6.96 (1H, dd, J16 and 3Hz, 
C6-H) and 7.26 (1H, dd, J18 and lOHz, C4-H):\ (EtOH) 
298 nm ( approx 8,000). 
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Example 3 

Benzyl 3-chloro-7-oxo-3-phenylsulphinyl-l-azabicvclQ - 



3, 2 ,Q ]heptane-2-carboxylate 



H 



lO 



15 



20 




C °2 CH 2 Ph 




C °2 CH 2 Ph 



(5) and (6) (7) 
A mixture , of diast ereoisomers of benzyl 7- 

oxo-3-phenylthio-l-azabicyclo[3,2,0]heptane-2a-carboxylate 
(5) and (6) (0.056g) was dissolved in chloroform (3ml). 
This solution was stirred under argon in an ice-bath 
and treated successively with water (0.003g), pyridine 
(0.038g) and iodobenzene dichloride (0.087g). The ice- 
bath was removed after 15 minutes and 2 hours later 
the product was concentrated. This was chromatographed 
on silica gel 60 (< 230 mesh), eluting with 60 - 80° 
petroleum ether/ethyl acetate 1:1 to give one main 
fraction (0.036g). Crystallization of this from ethyl 
acetate/60 r- 80° petroleum ether gave a single pure 

chlorosulphoxide isomer (7); m.p. 135 - 140°: V 

_i ' max 

(CHC1 3 ) 30OO, 1785 and 1745 cm ; c(CDCl 3 ) 2.3-2.8 

(lOH, m, phenyls), 4.76 (2H, s, benzyl CH 2 ) , 4.94 

(1H, s, C2-H), 5.7-5.9 (1H, m, C5-H) , 6.64 (1H, dd, 

J16 and 5Hz , C6-H) , 6.95 (1H, dd, J16 and 3Hz, C6-H) , 

7.10 (1H, dd, J15 and 8Hz , C4-H) , and 8.20 (1H, dd, J 15 

and 2Hz, C4-H) ; ( Found : C, 59.4; H, 4.4; N, 3.3%. 



: 20 H 18 C1N0 4 S rec l uire s, 



C, 59.5; H, 4.5 and N, 3.5%). 
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Example 4 

Benzyl 3-chloro-7-oxo-3-phenylsulphinvl-l-a2abicvclo 
1 3,2 ,olheptane-2-carboxylate 



H 





•SPh 



C0 2 CH 2 Ph C0 2 CH 2 Ph 
(8) (1) 

Benzyl 7-oxo-3-phenylthio-l-a2abicyclo [3 , 2 ,o] 
heptane-2|3-carboxylate (8) (CX295g) was stirred under 
argon in chloroform (15ml) containing water (O.OlSg) 
and pyridine (0.198g). This solution was cooled in an 
5 ice "bath and treated with iodobenzene dichloride 

(0.460g) in one portion. After 15 minutes the ice bath 
was removed and after a further 2 hours the reaction 
mixture was concentrated* Only one major isomer pf the 
chlorosulphoxide (1) was formed, and this was isolated 

lO by chromatography on silica gel 60 (<230 mesh) eluting 

with 60-80° petroleum ether/ethyl acetate 1:1. The 
product was a colourless solid (0.135g) which could be 
recrystallized from chlorof orm/60-80° petroleum ether;, 
m.p. 155-165°; V (CHC1„) 2980, 1775 and 1735 cm" 1 ; 

15 T(CDC1 3 ) 2.3-2.8 (lOH, m, phenyls), 4.71 (2H, s, benzyl 

CH 2 ), 5.58 (IH, s, C2-H), 5.8-6.1 (IH, m, C5-H) , 6.81 
(IH, dd, J16 and 5Hz , C6-H) , 7.13 (IH, dd, J16 and 2lgHz, 
C6-H), 7.50 (IH, dd, J12 and 9Hz, C4-H) and 8.30 (IH, 
dd, J12 and 5Hz , C4-H) ; (Found; C, 59.1; H, 4.5; N, 

20 3.4%. C 20 H 18 C1N0 4 S requires; C, 59.5; H, 4.5 and N, 3.5%) 
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I Y 

i : t j vl thio-7-oxo-l-azabicvclof 3 , 2 , 0 Itu : - 1 ne- 

2-c;i r I •> y 1 t e 



H 



H 



H 



1G 



15 



20 





SEt + 



O 




-SEt 



(9) 



CO. .Me 



( 1G ' an,! (11) 



CO. Me 



(12) 



A Stirrt-i vluii.,!, of thv! 7- x-l-azabicyclo 
[3,2,Olhepi-:-,.r !f -„.CnM, x : .l. ; ' r ( - ; (i ; i, ) i n dry 
dimethylformamide (1ml) at room temperature was treated 
with ethane thiol (O.lOml) followed by powdered potass:- 
carbonate (0.023g). After a period of 1 hour, the 
excess thiol was blown off in a stream of argon and the 
i*. -i.iue concentrated at 30° under reduced pressure. 
Ihe residual gum was dissolved in ethyl acetate," washed 
v. : ; h br.r.e and dried over sodium sulphate. The ethyl 
acetate solution was concentrated. and the three 



in order of increasing 
• < h romatography on 

.-. .. \ \. ■ -. j O° petroleum 
(!<•).( ''.O2oa) was 



( sh ) en." 1 ; — 



diasterecisomers ( lO, II ar. j 1J 

polarity) were scp;:rv. ■: > . i i 
silica gel 60 (< ^ • * ■ , 

ether/ethyl acetn:, : . I > t : 

(CDC1 3 ) 3.20 (1H, d, J 7ii«-, ^. . . - . L :. f tdd, 

J6,5 and 2^Hz , C5-H) , 6 . 30 ( 3H , s, ixi. • , o . 44 ( 1H , 
td, J8 and 7Hz, C3-H) , 6.66 (1H, dd , Jlo and 5Hz , C6-H), 
7.29 (1H, dd, J16 and 2^2, C6-H), 7 . 40 (2H, q, J7Hz, 
S - CH 2 -)> 7 - 82 ( 2H > dd i ^ 8 and 6Hz, C4-Hs ) and 8.75 



(3H, t, J7Hz, CH 3 of SEt); (M + at m/e 229.0765. 



C 10 H 15 N0 3 S rec 3 uire s 229.0773). 



io 



15 



• "rt'O , 



Isomer B (H) (O.Ola) was a (CHC1 
1770 and 1750 ( sh ) cm" 1 ; T ( CDC 1 , , .''^(IH, J; , H ,. . 

C2-H), 6.1 - 6.3 (1H, m, C5-M),' o . ; :~ ( ?H , , <<.!;_.}, 
-•.72 (1H, dd, J15 and 4? iHz , C6-H) , 7.26 (in, dd/'jlf 
and 2Hz, C6-H), 7.41 ( 2H , q, J7H 2 , S-CH 0 -), 7.45 
(1H, q, J6Hz, C3-H), 8.31 ( 1H , dd, JS and' 6Kz , C4-H), 
8.47 (1H, dd, J8 and 6Hz, C4-H) and 8.76 ( 3H , t , J7riz, 
CH 3 of SEt); (M + at m/e 229.0768. C. _H. „NG.-.S reauii-e* 
229.0773). ~ 

Isomer C (12) (0.024g) could be crvstUIizto 
ethyl acetate/60-80° petroleum ether; id. p. - ' : 

^ma3c (CHC1 3 ) 296 °> 1770 and 1745cm -1 ; t (CDC1 ;: . 
(1H, d, J7Hz, C2-H), 6.1-6.6 (2H, m, C3-H and C:-:,,, 
6.25 (_-.H, s, OCH 3 ), 6.8«? (1H, dd, J16 and 4Kz, C6-H), 

7,16 J1 ° '■'»'» C6-H), 7.4G (2H, q, J7H 2 ! 

S-CH_. ), 7.71 (in, dt, J12 and 6Hz, C4-H), 8.0$ (1H, 
td, J12 and lOH*. C4-H) and 8.75 (3H, t, J7H Z| CH./of 
SEt): (Ij.urM; C, --2.0; H, N, 5 .9S. C H.^Koj 

ro.u :il ,-., c, --..4: H. - ; „.., 6.1*), 
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ExamDle 6 



Benzyl 3-ethvl thio-7-oxo-l-azabicvclof 3, 2 . Q~lheptane- 
2-carboxy late 



H 




(13) 



C0 2 CH 2 Ph 



H 




SEt 



'C0 2 CH 2 Ph 



(14) and (15) 



H 




SEt 



C0 2 CH 2 Ph 



(16) 



lO 



15 



20 



Benzyl 7-oxo-l-azabicyclo [ 3 , 2 , o]hept-2-ene-2- 

carboxylate (13) (0.060g) was stirred in dry dimethyl- 

formajnide (lml) at ambient temperature and treated with 

ethane thiol (O.lOml) and then potassium carbonate 

(0.019g). The reaction mixture was concentrated 

in vacuo after 15 minutes and the residue was partitioned 

between ethyl acetate and brine. The organic phase was 

dried over sodium sulphate and then concentrated. The 

crude material was chromatographed on silica gel 60 

( 230 mesh), eluting with 60-80° petrol/ethyl acetate 

7:3 to give two fractions containing the required compounds. 

The first fraction (0.038g) was a mixture of isomers 

A (14) and B (15) in a 4:1 ratio; \> (CHC1„) 2980. 

■i max 3' 

1770 and 1750 cm" ;T (CDC1 3 ) for major isomer (14) 

2.71 (5H, s, phenyl), 4.88 (2H, s, benzyl CH 2 ) , 5.28 

(1H, d, J7Hz, C2-H), 5.94 (1H, tdd, J6.5 and 2?2Hz, 

C5-H), 6.45 (1H, td, J9 and 7Hz , C3-H), 6.67 (1H, dd, 

J16 and 5Hz, C6-H), 7 . 30 (1H, dd, J16 and 2^Hz , C6-H), 

7.46 (2H, q, J7Hz , S-CH 2 ) , 7 . 84 ( 2H , dd , J9 and 6Hz, 

C4-H«s) and 8.83 ( 3H , t, J7Hz, CH 3 of SEt); the only 

obvious signal for the minor isomer B (15) was 5.65 

(d, J5Hz, C2-H); (M + for mixture at m/e 305.1057. 



BNSDOCID: <EP__0002564A1 



- 34 - 

C 16 I "_9 N °3 S rec 3 uire s 305.1085. 

The second fraction was the pure (3-carboxylate 
isomer C (16) (0.017g) which was obtained as colourless 
needles from ethyl acetate/60-80° petroleum ether; 
m.p. 62-64°; ^ max (CHCl 3 ) 2960, 1770 and 1740 cm -1 . 
r(CDCl 3 ) 2.70 (5H, s, phenyl) 4.83 (2H, s, benzyl CH 2 ) , 
5.90 (1H, d, J7Hz, C2-H), 6.2-6.5 (2H, m, C3-H and C5-H) , 
6.92 (1H, dd, J16 and 4Hz , C6-H),7.21 (1H, dd, J16 and 
2igH 2 , C6-H), 7.46 (2H, q, J7Hz, S-CH 2 ) , 7.75 (1H, dt , 
J12 and 6Hz, C4-H) , 8.07 (1H, td, J12 and lOHz , C4-H) 
and 8.83 (3H, t, J7Hz, CH 3 of SEt ) . { Found ; C, 62.8; 
H, 6.2; N, 4.3%. C^H^NO^ requires C, 62.9; H, 6.3 
and N , 4 . 6% . 
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Example 7 



Benzyl 7-oxo- 3-phen vl thio-l- azabic vclo T 3 , ?. Olhc-nt^n^- 
2-ca r box v 1 a t e 



H 




C0 2 CH 2 Ph 



H 



H 




— SPh 



C0 2 CH 2 Ph 




—SPh 



C0 2 CH 2 Ph 



(13) 



(5) and (6) 



(8) 



lO 



15 



20 



Crude benzyl 7-oxo-l-azabicyclo [3 , 2 , 0]hept-2- 
ene-2-carboxylate prepared from an ethyl acetate solution 
of 4-allyl-l_( 1-benzyloxycarbonyl-l-triphenyl- 
phosphoranylidenenethyl)azetidin-2-one (l.OOg) by ozonolysis 
and cyclisation was dissolved in dry dimethylf ormamide 
(5ml) treated, successively with thiophenol (0.20ml) 
and potassium carbonate (0.133g) with stirring. After 
a period of 1 hour the solution was concentrated under 
reduced pressure and the residue treated with ethyl 
acetate. It was then washed with brine, dried over 
sodium sulphate and concentrated. Chromatography on 
silica gel 60 « 230 mesh) eluting with 60-80° petroleum 
ether/ethyl acetate 7:3 grading to 6:4 gave two fractions 
containing diast ereoisomers of the title compound. The 
least polar fraction (0.183g) was an approximately 
4 : 1 mixture of isomers A ( 5 ) and B ( 6 ) ; V ( CHC1 ) 
3COO, 1760 and 1740 (sh); T(CDC1 3 ) for majS? isomL A 
(5), 2.6-2.9 (lOH, m, phenyls), 4.88 (2H, s, benzyl CH ■) , 
5.26 (1H, d, J7Hz, C2-H), ca 5 . 90 (1H, br m, C5-H) , 2 
6.10 (1H, td, J9 and 7Hz , C3-H), 6.69 (1H, dd , J16 and 5Hz, C6-H) , 
7.32 (1H, dd, J16 and 2%Hz , C6-H), 7.73 ( 1H , dd , J9 and 
7Hz, C4-H) and 7.77 
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(1H, dd, J9 and 4Hz, C4-H); minor isomer B (6) had 
5.62 (d, J 5Hz, C2-H); (M + for mixture at m/e 353.1102. 
C 20 H 19 N °3 S rec l uires 353. 1085). The more polar 
fraction (0.102g) was isomer C (8) which could be 

crystallized from diethyl ether; m.p. 84-85°; ^ 

n ' max 

(CHC1 ) 3000, 1765 an d 1740 cm ; T' (CDCl^ ) 2.6-2.9 

(lOH, m, phenyls), 4.81 (2H, s, benzyl CH 2 ), 5.84 

(1H, d, J7Hz, C2-H), 6.04 ( 1H , ddd, J12 , 7 and 5Hz, 

C3-H), 6.2-6.5 (1H, m, C5-H) , 6.90 (1H, dd , J16 and 4Hz, 

C6-H), 7.19 (1H, dd, J16 and 2^Hz, C6-H) , 7.64 

(1H, dt, J12 and 5Hz, C4-H) and 7.95 ( 1H , td, J12 and 

lOHz, C4-H); (Found; C, 68.1;' H, 5.6; N, 3 . 9fi C 2Q H, g N0 3 S 

requires C, 68. O; H, 5.4 and N, 4.0%). 
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Example 8 

2,2,2, -Trichloroethyl 6- ( 3-nethoxvcarbony 1-2-propen- 1-yl )- 
7-oxo-3-( 2 , 4 , 5-t richlorophenylthio )-l-azabicvclc>r3 , 2 ,Ol 
heptane-2-carboxylate 



CI 




(18) and (19) 
CI 



f 




C0 2 CH 2 CC1 3 



(20) 
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2 , 2 , 2-Trichloroethyl 6- ( 3-roet hoxycarbonyl-2- 

propen-l-yl)-7-oxo-l-azabicyclo[3, 2 , 0]hep t-2-ene-2- 

carboxylate (17) (0.05g) was dissolved in dry dimethyi- 

formamide (1ml). Potassium carbonate (0.013g) was 

added followed by 2 , 4 , 5- trichlorophenyl thiol (O.ig). 

After stirring at room temperature for 4hr.the reaction 

mixture was diluted with ethyl acetate ( 3C~1 ) , .washed 

with brine, dried (MgSO^) and evaporated xc give a gum 

(O.lg). Chromatography on Merck Kieselgei 60 (< 230 mesh) 

eluting with ethyl acetate - petroleum ether (3:7) 

gave three separable isomers (18), (19) and ( 2C ) of 

the title compound. Isomer A (18), (0.021c), irup. 

102-104° (ex Et 0 0) \) (CHC1 Q ) 1770, 172G r 1655 cm" 1 . 
r *L max .3 

6 PPm (CDC1 3 ) 2.00 - 2.80 (4H, m, C4-H 2 , C6 side-chain 
CH 2 ). 3.70 (3H, s, OMe), 3.52 - 3. SO ( 2H , m , C6-K, 
C3-H), 4.33 (1H, dt, J5 and 8Hz, C5-H) , 4.64 and 4.83 

(2H, ABq, J12Hz, CH 2 CC1 3 ) , 4 . 80 (IK, d, JoHz, C2-H), 
5.85 (1H, d, J15Hz with further slight coupling 
Me0 2 C»CH=CH- trans) , 6.87 (1H, dt , J15, 9Hz, MeO^C-CHr 
CH-CH 2 ) 7.47 - 7.52 ( 2K , Ar) . (Found; M , £92.8398. 
C 20 H 17 C1 6 N0 5 S rec 3 uires M » 592.8958). Isomer E (19)- 

(0.023g), m.p. 104-105° (ex. Et^O) , v (CHC1_) 1770, 
i maxi / 

1720, 1660 cm" . 6 ppm (CDC1 3 ) 2.00 - 2 . 80 (4H, m, 

C4-H 2 , C6-side chain CH 2 ) , 3.70 (3H, s, OMe), 3.55 - 

3.88 (1H, m, C3-H), 3.90 - 4.32 ( 2H , m, C5-K, C6-H), 

4.44 (1H, d, J4Hz, C2-H) , 4.70 ( 2H , s, CH^CCl^) 5.83 

(1H, d, J15Hz, MeOC-CH=CH- trans ) , 6.86 ( 1H , dt , J15 

and 8Hz, CH==CH-CH 2 )", 7.49 - 7.58 (2H, Ar) * (Found; 

M, 592.8990. C 20 H 17 C1 6 N0 5 S requires M, 592.8958). Isomer C 

(20) (0.021g), V ma ^(CHCl 3 ) 1775, 1760 (sh), 1720 

1660 cm" 1 . 6 ppm (CDC1 3 ) 2.00 - 2 . SO (4H, m, C4-H 0 , 

C6-side-chain CH 2 ) , 3.30 - 3*55 ( 1H , m, C3-H), 3 . 70 

(3H, s, OMe), 3.84 - 4.15 ( 2H , m, C5-H, C6-H), 4.31 

(1H, d, J8Hz, C2-H), 4.70 and 4.89 ( 2H , ABq, Jl2Hz, 

CH 2 CC1 )", .5.84 (1H, d, J15Hz, Me0 2 C-CH=CH trans). 6.86 

(1H, dt, J15 and 8Hz, CH=CH-CH 0 ) , 7.47 - 7.48 ( 2H * Ar.). 

(Found S "M, 592.8931. C_H„Cl.NO_S requires M ; 592.8958). 

20 1 / o d ' 
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ExamDle 9 



p-Bromophenac yl 6- ( 3-mcthoxvcarbonvl-2-propen-l-vU- 
3-ethvlthio-7-oxQ-l-azabicvclo[3,2 t o1heDtane-2-carboxvlate 



Me0 2 C 




SEt 



C0 2 CH 2 C-, 




Br 



H H 




(24) 



(25) and (26) 



T 




-N 




PPh, 



H H 



Me0 2 C 




SEt 



O 

II /= 



C °2 CH 2 C \\ // 




C0 o CH o C < .y&r 
2 2 \\ \ // 




(27) 



(31) 



io 



15 



20 



25 



SO 



- 4C - 

£-Broiriophenacyl 6-( 3-me x hoxyc arbcn\-- - z-~ • - 
l-yl)-7-oxo-l-a2abicyclo[3 ) 2,OjhGpi-2-er:e-:-carDcxvl^, 
(24) was prepared as in Example 10 from the P bosp:.c r, ne 
( 31) (0.7g). The crude ester ( 24 v . i n anhvdro;^ 
diinethylformami.de (2ml) was treated with eth&nethioi 
(0.075g, 90ul) in the presence of potass:,, carbonate 
(0.167g). The reaction mixture was stir-c- a- ^o-~^ 
temperature for 40 min. Removal c: the di/.exhyiforma-id 
in vacuo (oil pump; room temperature) cavs ar, 
(1.25g) which was chromatographic on -. , r . • .• ,. 
(Merck; 230 mesh). Elution of the ceiumr. with :tr . " 
acexate - petroleum ether (7:12.) gave thre-: is--.-... 
(25), (26) and (27) of xhe title compound. -^ef- 
fractions gave gummy crystals i'C.21c\ sh-v.- 
spectrum) to be a mixture of isomers (23 , , ■ 
in ca 2:1 ratio. Crystallisation (chloroform - pevroleur 
ether afforded:- . 

Isomer A (25) (0.125g) m.p. 133 - 12~r\ v (CKCl.) 
1760 ' 1720 (sh) 1710, 1660, 1590cm- 1 ;- : CI :? \. . 
(3H, t, J7Hz), 2.05-2.30 (2H, m , C4-K_ ) , 2 . -~- 2 - 
(2H, m, C6 side-chain CK 2 ) 2.64 (2H, c ; , J7Hr . ~^-CH CH \ 
3.27-3.65 (2H, m, C3-H and C6-H) , -3.69 ( 2H . s) . „7cS 3 ' ' 
(1H, m, C5-H), 4.80 (IH, d, J 7Hz,C2-H), 5 . 2C ' and 5.^1 
(2H, ABq, J 17Hz) 5.83 (1H, d, JiSHz), 6.87 ( IH , d -_ 
J15, 6Hz), 7.56 (2H, d, JSHz ) and 7.74 ( 2H , d, JSHz) 
(Found; C, 51.8; H, 4.5; N, 2 . 7. C 20 H„,BrNO S requires 
C, 51.8; H, 4.7; N, 2.7%). Evaporation of tn, mother 
liquors of the leading fractions yielded 
Isomer B (26) as a gum (0.068c), v ^ (CKCi_) 176D 
(st), 1720, 1710, I66O, 1590cm -1 ; 6(CDCi,) i.^c. (3H, 
t, J 7Hz), 1.2-2.3 (2H, m) , 2.4-2.8 ( 2K /it. . C6 " «= ^1- 
chain CH 2 ), 2.72 (2H, q, j 7Hz f S-CH,CH„.). ca 3.0 
(1H, C6-H), 3.72 (3H, s), 4.1 br ( 2k7 m~," C5-H a.nc C"-P), 
4.46 (IH, d, J 5Hz, C2-H), 5 . 20 and 5.41 . 2K , 
17Hz) 5.83 (IH, d, J 15Hz), 6.87 ( IH , dt , J 
7.58 (2H, d, J 8Hz) and 7.72 ( 2H , d, J 8H2 ) . 
fractions from the column oave : - 
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Isomer C (27) as a white foam (O.lg), v (CHC1 ) 

1765, 1750, 172U (sh), 1710, 1660 and 1590^m _1 ; 
6(CDC1 3 ) 1.25 (3H, t, J 7Hz), 2 . 10 ( 2H , t, J 9Hz, C4-H ) , 
2.64 (4H, m, S-CH 2 CH 3 and C6 side-chain CH 2 ) , 3.36 
(1H, m, C6-H), 3.5-4.0 (2H, m, C3-H and C5-H) , 3.69 
(3H, s), 4.23 (1H, d, J 8Hz, C2-H) , 5.25 and 5.45 
(2H, ABq, J 16Hz), 5.82 (1H, d, J 15Hz), 6.87 (1H, dt , 
J 15, 6Hz), 7.55 (2H, d, J 8Hz ) and 7.75 ( 2H , d, J 
8Hz ) . 



^xamiole lO 



a ) 7 - ( i -Hydroxy- 1-p-bromon hen acv 1 c;-: year '::>o: 
8-oxo-7-a2abicyclo|"4 . 2 , cHoc t-3-ene 




O 



y 



\ 



co.CH ..CO-: 



2S) 



(29) 



lO 



15 



20 



The azetidinone (28) (O.4o) in a.tt ydroy^ cir:-:*ihyi- 
formarnide ( 2m2 ) was stirred with clyoxyiic a r ~ hy:':r?..tc 

. (0.32g) in the presence of hexame t hy .1 r j sy h v i :: : n a r,i d e 
(O.lml) and molecular sieves ( 2r\ ; 4 pieces "; .for 5;-.. 
Potassium carbonate (0*226g) wa s added- arid the fluxion 
stirred until effervescence had ceased ; J: r-ir:}. 
D-Bromophenacylbromide (i.OOg : 1 . OS equiv,) in dimethyi- 
f ormami de ( 1 . 0 ml) and h exarne th yip ho s p h o r ictri a ~ ;i c e 
(0.25 ml) was added, and the solution stirred over- 
night. The solution was diluted with ethyl acetate, 
washed with saturated aqueous sodium chloride solutic:: 
(x 3), dried (Na^SO^) and evaporateo to give a gum 
(1.9g) which. was chromatographed on Kieseloel. Eiution 
of the column with ethyl acetate - petroleum ether (1:1) 
gave the giyoxylate ester (30). I sorrier 1 as h foam, 
which slowly crystallised (ethyl acetate — pet role:-"- 
ether) as needles (0.60g) (47f^) m.p>. 1 3:"-136^\ v 
(CHC1 3 ) 3250br, 1760sh, 1750, 171C, 1590. y 7Gcr:" ^ : 

6(d 6 DMSO) 1.9 - 2.8 (4H, m) , 3.35 ( 1H s m , 4.17 [' 1 H ; m) 
5.51 (1H, d, J 6.5Hz; sharpens to a singlet or: lp 0 



BNS0OCID: <EP__0002564A1 _l_> 



s 



10 



15 



"17 H 16 BrN °5 re quires C, 51.8; 



exchange) 5.55 ( 2H , s, phenacyl CH.,), 5 . 72br (2Hj s) 
6.81 (1H, d, J 6.5H, D 2 Q exchangeable), 7.75 (2H, d,' 
J 9Hz) and 7 . 90 ( 2H , d, J 9Hz ) ( Found : C, 51.9; H 
4.2; N, 3.6; Br, 20.00. C. 
H, 4.1; n, 3.6; Br, 20.3%)! 

Continued elution of the column gave the more 
polar Isomer II , which crystallised (ethyl acetate - 
petroleum ether) as platelets (0.55g) (43%) m.p. 1*4 - 
146 ' ^max( CHC1 3 ) 3 200br, 1760sh, 1750, 1710, l 5 o 0 
965cm ; 6(d 6 DMSO) 1.9 - 2.8 ( 4H , m), 3.33 ( 1H , mj 
4.15 (1H, m), 5.47 (1H, d, sharpens to a singlet on 
D 2 0 exchange), 5.51 (2H, s, phenacyl CH ) , 5.71br 
(2H, s), 6.90 (1H, d, J 7Hz, D 2 0 exchangeable), 7.73 
(2H, d, J 9Hz), and 7.91 (2H, d, J 9H 2 ) . (Found; 
C, 51.7; H, 4.3: N. 3 3. R r 9n a r „ „ 

' ' Br ' 2 °- 6 C i7 H i6 BrN °s requires 

C, 51.8; H, 4.1; N, 3.6; Br, 20 . 3%). 

— Z-d-D-bron.oph enar.ylo xvcarbonvi.i-trjnhPnY i- 

' hQSPh0ranv1 i denemet hvl ) -8-0x0-7-,^- ^ r , , 2 ^oToc t - 2-ene 



20 




OH 



C0 2 CH 2 CO^>. 



Br 



(SO) 



PPh. 



C °2 CH 2 CC H /hBr 




(31) 



■ The glyoxylate E -bromophenac y l ester (30) (o 383o • 
•1 isomer ratio) i n T HF fft m -M ^.38 Jg ; 



thionyl chloride (139,.].) at -20° 
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io 



15 



20 



25 



30 
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for 3.5 hr. The material was rapidly fi iTG >-^ t^-c • 
celite, washed with ethyl acetate, and the n n^-., 
and washings evaporated in vacuo . The residue ir 
dlOXa " (4m1 ' hydrous) was treated with t^iphero. 
phosphine (O.Slg) and lutidine (230jil) ar ro— 
temperature overnight. Chromatography on Kieselael 
(elutaon with ethyl acetate petroleum eth- — ) 
the phosphorane (31) as a gum (0.536g) which 
crystallised from ethyl acetate - ether - oexrcleun, - , 
as small rods (0.499g) ( 8055) m.p. 200-202°, , 

( rourv:. : 



-1 



(CHC1 3 ) 1740st, 1.710, 1620, 1590, l4SOcm 
C, 65.7; H , 4.7; N, 2.0; Br, 12.1 C H B ^ G 
requires C, 65.8; H, 4.6; N, 2.2; Br, 11. ^ 




(24) was prepared from the phosphorane- i ~- ^ 
(0.1O4g) and isolated by the method described ' -i n " 

Example 12. 

The bicyclic ester (24) (35mg) ( 5 QE l crv— i^- d 
from ethyl acetate - ether - petroleum ether (',-• ^ ) 
m.p. 134-136° 1785, 1725sh, 1715, 17GO. 16^. 

1610, 1590cm" ; (EtOH) infl 275 , 258 rc21900) 

210 (26,000); 6(CDC1 0 ) 2.*5 - 2 9 f ?H m r-- - ' - 
_„ . 3 ; (2H, m, Co sice-chain 

CH 2 ), 2.74 (2H, dd, J 9, 3Hz, C4-H 2 ) . 3.68 ( 3H 
3.6 - 3.9. (1H, m, C 6 -H) , 4.40 (1H, dt , J 9, 6^, C5-H;, 
5.36 (2H, s), 5.80 (1H, dt , J 15, 1Hz ) , 6.60 ( 1H t 
J 3Hz, C3-H), 6.86 (1H, dt , J 15, 6Hz), 7.55 ( 2K , 
-J 9Hz) and 7.74 (2H, d, J 9Hz). ( Found : C, 53.- H 
4.1, N, 3.2; Br, 17.9. C^H^BrNO^. requires C, 
» 4 -°J N, 3.1; Br, 17.855). 



53.6; 
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Example 11 

Benzyl 6- ( 2-oxoet hyl ) 
ene-2-carbox* lat e 



■oxo-l-a2abicyclof 3, 2,Olhept-2- 




C0 2 CH 2 Ph 



( i ) 7- ( l-Hydroxv-l-benzvIoxycarbonvlniethvl )-8-oxo-7- 
azabi cyclop , 2 ,p1oct-3-ene 



1 A. 



A LN 

/8 7 



NH 



(28) 




(32) 



OH 



C0 2 CH 2 Ph 



lO 



Benzyl glyoxylate (2.73g) was refluxed in benzene 
(25ml) with provision for the removal of water. After 
45 minutes 8-oxo-7-azabicyclo[4 ,2 ,0]oct-3-ene (28) 
(ref: I. A. Paquette and T. Kakihana, J . Amer. Chem. Soc , 
1968, 90, 2897) (1.23g) was added and refluxing con- 
tinued for 3 hours. Removal of solvent under reduced 
pressure followed by chromatography gave two separate 
isomers of the alcohol (32) (90%) Isomer I , m.p. 



92-93 



(CHC1 ) 3450, 1750 (b) cm" 1 . 6 pom (CDC1 3 ) 
1.76-2.73 (4H, m, 2-CH 2 ), 3.12-3.33 ( 1H , m, (3-lactam 
proton), 3.76-3.93 (1H, m, (3-lactam proton), 4.40 



max 
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(1H, d, J 6 Hz, exch. D 2 0) , 5.16 (2H, s, CH„ ) , 5.47 
(1H, d, J 6 Hz collapsing to s on D^O exch. CH-CH) , 
5.67-5.83 (2H, m, CH=CH) , 7.34 ( 5H , *Ar ) .- M + at m/e 
287 (Found; C, 66.2; H, 5.9; N, 4.9 C-.H-._NO. requirrs 
C, 66.9; H, 6.0; N , 4.9%). Isomer II . m.p. 100-101°, 

^max (CHC1 3) 345 °' 1750 ( b )> SPP m (CDC1 3 ) l.SO-2.63 
(4H, m, 2-CH 2 ), 3.13-3.36 (1H, m, (B-lactara proton), 
3.93-4 .13 (1H, m, (3-lactam proton), 4 . 20 ( 1H , bs , 
exch, D 2 0), 5.16 (2H, s, CH 2 ), 5.50 (1H, b, sharpening 
to s on D 2 0 exchange), 5.50-6.00 (2H, rn, CH=CH), 7.34 
(5H, Ar). h + at m/q) ( Found : C, 67.2; H, o.O; N, 4.6. 
C 16 H 17 N °4 re quires C, 66.9; H, 6.0; N, 4.9??). 

( i-i- } 7 ~( l-Ben2vloxvcarbonvl-l-triphenvlphosDhca-£iivl:.der.< 
methyl )-8-oxo-7-azabicvclor4 , 2 , Q~loct-3-ene 



o 





C °2 CH 2 Ph C0 2 CH 2 Ph 
(32) (33) 

15 The alcohol (32) as mixture of isomers, (2.2g) 

in THF (50 ml) was cooled to -20°, Lutidine (1.5g) 
was added followed by thionyl chloride ( 1 . Oml ) , After 
stirring at -20° for 20 min, the solution was filtered 
and evaporated to dryness; final removal of the last 

20 traces of excess thionyl chloride was by evaporation 

twice from toluene. The residue in dioxan ( 20 ml) 
was treated with triphenylphosphine (4.02g) and lutidine 
(1*64 g) and left stirring overnight at room Temperature, 
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The lutidine hydrochloride was separated by filtration, 
and the filtrate evaporated to dryness and chromatographed 
to give (33, 1.5 g) as an amorphous solid, v 



(CHC1 3 ) 1730, 1620 cm 1 m 



max 



( j-ii ) Benzyl 6-{ 2-oxoe t hvl Y-7-joxo^ l.^a ! z.ab,i.^^ 
hept-2-ene-2-carboxvlate 



PPh, 



-N 



O' 



C0 2 CH 2 Ph 



(33) 



H 




(34) 



C0 2 CH Ph 



lO 



15 



20 



The phosphorane (33, 0.2g) in ethyl acetate ( lO ml) 
was treated with t rif luoroacetic acid (0.25 ml). The 
solution was cooled (-65°) and treated with ozone until 
the reaction solution showed a slight blue colouration. 
Argon was blown through the solution to remove excess 
ozone, and then triphenylphosphine (O.lg) was added. 
After five minutes the reaction was transferred to an 
ice-bath and stirred vigorously with aqueous (5%) sodium 
bicarbonate solution ( lO ml) for 45 minutes. The 
organic phase was separated, dried, evaporated and 
chromatographed to give the product (34, 42 mg ) as a 



gum v 



max 



(CHC1 3 ) 1780, 1725, 1610 c 



-1 



m 



2. 50-3.OO (4H, 



6 ppm (CDC1 3 ) 



m, 2 x CH 2 ), 3.87-4.11 ( 1H , m, C6-H), 
4.46 (1H, dt, J 6 Hz, 9 Hz C5-H; collapses to d , J 
6 Hz on irradiation at 6 2.60); 5.21 ( 2H , s, benzyl CH 0 ) , 
6.45 (1H, t, J 2 Hz, C3-H), 7 . 30 ( 5H , s, Ar ) , 9 . 70 
(1H, s, CHO). M + at m/e 285. 
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Example 12 



Benzvl 6- ( 3-methoxvcarbon yl-2-propen- 1- vl ) -7-oxo-j 
a2abicvclor3.2 ) Qlhept-2-ene-2-carboxvlate 



MeQ 2 C 




CO»CH 0 Ph 



io 



15 




MeO^C 



(33) 



PPh, 



C0 2 CH 2 Ph 




CC^CH^Ph 



(34 a.; 



20 



The phosphorane (35,0.2g) in ethyl acetate (iOml) 

was treated with trif luoroacetic acid (0.25r.:l) and 

subjected to ozonolysis and work up as in Example 12 

(iii) the crude product containing (34a.) was dissolved 

in chloroform (5ml) and treated with methoxycarbony 1- 

methylene triphenylphosphorane (0.124g) and left for 

i hour at room temperature. The solution was evaporated 

to dryness and chromatographed to give the product 

(34a) (45mg), m.p. 81 - 82° (from ether), v (CHCIO 

1 v J 5 max v 3 ' 

1780, 1720, -16SO, 1610cm . 6 Epm (CDC1 3 ) 2.63 ( 2H , dd, 
J 9 Hz, 3 Hz, C4-CH 2 ; collapsing to d J 3 Hz on 
irradiation at 6 4.3); 2.40 - 2.90 (2H, m, C6 side- 
chain CH 2 ), 3.67 (3H, s, OMe), 3.67 - 3,74 ( 1H , m, 
Cc-H), 4.35 (1H, dt, J 6 Hz, 9 Hz, C5-H, collapsing 
to d J 6 Hz on irradiation at 5 2.6); 5 . 20 ( 2H f s. 
benzyl CH 2 ), 5 . 80 ( 1H , d,J 15 Hz, trans MeO p CCK=CH- ) , 
6.45 (1H, t, J 3 Hz, C3-H, collapsing to s on irradiation 
at 6 2.6), 6.84 (1H, dt , J 15 Hz, 6 Hz , trans -CH=CH-CK, ; ) , 
7.32 (5H, s, Ar). ( Pound ; M, 341.1270. C^H^NO- 
requires M, 341.1263). 
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Example 13 

2,2, 2-Trichloro ethvl-6-/ 3-methoxvcarb on vl-2-proper, - 
l-vl)-7-oxo-l-a zabicvclor3.2,Qlhept-2-e.ne-2-carbo>:v late 




C0 2 CH 2 CC1 3 



7- ( l-Hydroxy-1-2 , 2 , 2-trichloroethoxvcarbonvlnethvl)- 



8-oxo-7-azabicyclor4 , 2 ,Q~loct-3-ene 




(28) 



O 




OH 



(35) C0 2 CH 2 CC1. 



lO 



2,2,2-Trichloroethylglyoxylate (0.78g) was 

refluxed in benzene (15ml) with provision for the 

removal of water (0.5 hrsj. The azetidinone (28) 

(0.287g) was added and refluxing continued for 1 hour. 

Removal of the solvent and chromatography gave the 

alcohol (35) (80S). Isomer I m.p. 85 - 88°, 

(CHC1 3 ) 3500, 1770 (ester); 1750 ((3-lactam) cm 

6 pom (CDC1 3 ) 2.00 - 2 . SO ( 4H , m, 2 x CH 3 ) , 3. 30 - . 

3.40 (1H, m, (3-lactam proton), ca 3.70 ( 1H , bs , exch, 

D 2 0, OH), 4.10 - 4.25 (lH,'m, 3-lactam proton), 4 . SO 

(2H, s, CH 2 ), 5.50 (1H, s, CH) , 5.72 - 5.91 (2H, m, 

CH=CH). (Found; C, 40.3; H, 3.7; N , 4.2. C,.H in Cl„NCr, 

11 12 _D 4 



-3? 



ax 
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requires C, 40.2; H, 3.7; N, 4.3^), I somer II m . P . 
119 - 121 , had similar spectroscopic properxies. 

( xx) 7-( 1-Trichloroet hoxycarbonvi-l-triDhenvlDhGSDhoranvl 
idenemethvl)-e-oxo-7-azabicvclor4 , 2 , Oloci-3-ene 



lO 




(35) 



CH 



C0 0 CH 0 CC1^ 




( 36) 



PPh. 



CC> CrUCC 



The alcohol (35) (6.0g as a mixture of isomers) 
in THF (75ml) was converted to the chloride as in 
example 11 (ii) using thionyl chloride (2.61ml) and 
lutidine (4.25ml). The crude chloride in dioxan (75^1) 
was reacted with t riphenylphosphine (9.6c) and lutidine 
(4.25ml) as for the benzyl ester to give the phosphorane 
(36) (o.Og) as a foam, v max (CHCl ) 1740 163Qcnr 1 

( iii ) 2 ,2 , 2-Trichloroethvl-6-( 3-me thoxvcarbonvl - 2- 
propen-l-yl i-7-oxo-l-a2abicvclo[3,2,Olhept-2-G-?:.e-2- 
carboxvlate 




PPh 



C °2 CH 2 CC1 3 




CO^CH n CCl 



(36) 



(17) 
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15 
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The phosphorane (36) (0.2g) was dissolved in EtAc 

(lOml) and trif luoroacetic acid (1ml) and subjected 

to ozonolysis and work up as for the benzyl ester in 

example ll(iii) The crude reaction product in chloroform 

(3ml) was treated with carbomethoxymethylene triphenyl- 

phosphorane (117mg) and left at R.T. for 0.5 hours. 

Evaporation and chromatography gave (17) (40mg) m.p. 

lOl - 102°, v (CHC1-) 1785, 1735, 1720, 1660, 

-j m a^c -j 

1615cm" 1 6 ppm (CDC1-,) 2.74 ( 2H , dd , J 10 Hz, 3 Hz, 

C4-CH 2 ), 2.30 - 2.90 ( 2H , k. , CH.J, 3.6 5 ( 3H , s, OMe ) , 

3.60 - 3.90 (1H, m, CC-M,>, l 1H, <it, J 6 Hz, lO 

Hz, C5-H), 4.70 and 4.8- f-H, A H r\ , J 12 Hz, CH 2 CC1 3 ), 

5.80 (1H, d, J 15 Hz plus further slight coupling> 

trans Me0 2 C-CH=CH-CH 2 ) , 6 . 60 (1H, t, J 3 Hz, C3-H), 

6.84 (1H, dt, J 15 Hz. 6 Hz, trans CH=CH-CH_). X - 

2 ' max . 

(EtOH) 209nm (fcl2,10O), 273 nm (s3HO). 



* n ? 5 c 4 
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Example 14 

Benzyl 6-f 2-hvdrov v-2- P ro nv n-7 1 f 

hept-2- pne-2-carboxvlat P 



OH 




H 



CO.CH.Pli 



(i) 4-Allvl-l- (1 _ben W loxvcarbonv i-i-tr 1D h P .ulo ho£Phorani - 1 
_ adenemethvl)-3-(2 - hvdro xv-2-Dropvr fa ^^-:„ 



OH 



Me 




\ Me 



OH 




H 



PPh 3 / 



CO^Bz 




N 




PPh 



C0 2 Bz 



(37) 



(38) 



(30) 



A solution of N-isopropylcyclohexylamine (0.60o) 
in dry tetrahydrofuran ( lOml ) was stirred under araon 
and cooled to -78°C. This was treated with a 2.5 M 
solution of n-butyl lithium in n-hexarie ( 1 . 70 ml). 
After ten minutes, a solution of 4-allyl-l_( 1-benzyloxy- 
ca rbuny 1 - 1- 1 riphenylphosphoranylidenemethyl ) azet idin- 
2-or.t.- i •:,) (l.oog) in dry tetrahydrofuran (10 ml) was 
added. Five minutes was allowed for the formation of 
the C(3) carbanion which was then quenched by the. addition 
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1C 



15 



of dry acetone (0.71 ml). The cooling bath was then 
removed and the mixture stirred for a further ten 
minutes before it was neutralised with acetic acid 
(0.56g). The solvent was evaporated under reduced 
pressure and the residue chromatographed on silica gel 
60 (<230 mesh), eluting with ethyl acetate/60-80° 
petroleum ether mixtures grading from 1:1 to 7:3. This 
gave a mixture of the cis and trans -isomers of 4-allyl- 

1- ( 1-benzyloxycarbonyl-l-triphenylphosphoranylidenemethyl ) 
3-(2-hydroxy-2-propyl)azetidin-2-one (0.76g; 71%) 
(38) and ( 39 ) , CH C1 3 ) 3000, 1735 and 1620cm- 1 . 

It was possible to obtain a substantial separation 
of the cis- and t rans-isomers by further chromatography 
on silica gel 60 (< 230 mesh), eluting with ethyl 
acetate/60-80 0 petroleum ether mixtures grading from 
1 : 1 to 7: 3. 

liil_Ben Z yl 6- ( 2-hvdroxv-2-Drn P vl ) -7-oxo-l- a2 abicvc 1 o 
I 3, 2,olhept-2- ene-2-carboxvlate 

OH OH 

Me 




(41) 



- 54 - 



The c i s - isomer of 4-allyl-l— ( 1-benzyloxycarbonyi- 
1-triphenylphosphoranylidenemethyl ) -3- ( 2-hydroxy-2- 
propyl ) azetidin-2-one (38) (0.18S g) was dissolved in 
ethyl acetate (14 ml) . An excess of trifluoroacetic 
5 acid (0.37g) was added and the mixture cooled to -78°C. 

Ozone was passed into the reaction mixture until it was 
pale blue in colour. Argon was then bubbled through 
The solution until all the excess ozone had been removed. 
A solution of t riphenylphosphine (0.085g) in ethyl 

lO acetate was added and argon bubbled through the mixture 

for a further ten minutes. The reaction flask was -then 
transferred to an ice bath and a saturated aqueous 
solution of sodium, bicarbonate ( 20ml ) was added and tne 
mixture stirred vigourously under argon for thirty 

15 minutes. The ethyl acetate layer was separated, washed 

with brine and dried. 

The solution containing (40) was left at rooru 
temperature for thirty-six hours. During this time, 
the cyclisation reaction was followed by thin layer 

21 chromatography and it was seen that a slow moving spot 

gradually decreased in intensity along with an increase 
in the intensity of a faster moving spot which corresponded 
to the required cis -product . (41). The ethyl acetate 
was evaporated off under reduced pressure and 

25 the residue was purified by chromatography on silica gel 

60 (<230 mesh), eluting with ethyl acetate/60-S0° 

petroleum ether 1:1. The product was a crystalline 

material (0.048g; 49^>) , which could be recrys tallised 

from ethyl acetate/60-80° petroleum ether; m.p. 122-124°. 

30 v (CHC1-) 2950, 1770 and 1720 cm" 1 ; X (EtOH) 

max K 3' 9 9 max v ' 

273 nm (C4800); 6 ppm (CDC1 ) 7.36 (5H, br. s, phenyl) 
6.59 (1H, t, J 2^ Hz, C3-H), 5.28 and 5 . 30 ( 2H , inside 
signals of ABq. -CH p -Ph) , 4.35 (1H, dt . J 6h and 9 Hz, 
C5-H), 3.83 (1H, ddd, J 18, 9 and 2% Hz, C4-H),'3.59 
35 (1H, d J 6h Hz, C6-H), 2.68(1H, ddd > J IS, 9 and 2h Hz, 
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# 



C4-H), 1.74 (1H, br. s, -OH), 1 . 30 and 1.54 (6H, two 
singlets, C-CH 3 »s). (m + at m/e 301 . 

1315 C 17 H ig N0 4 requires 3Q1. 1314. Found ; C, 67.7; H, 
6.5; N, 4.5%. C 17 " 19 N0 4 requires; C, 67.8; H, 6.4; N, 
4.7%). 

(t>) 



Me 




(42) 



(39) 



OH 




C °2 BZ 

(43) 

The trans-isomer of 4-alkyl-l- ( 1-benzyloxycarbonyl- 
1-triphenylphosphoranylidenemethyl )-3-( 2-hydroxy-2- • 
propyl )azetidin-2-one (39) (0.365g)was treated as in 
(a) above. In this case, however, the formation of the 
bicyclic system (43) was complete after stirring the 
basified reaction mixture from the ozonolysis for 
thirty minutes. The required product (0.048 g; .25%) 
was obtained after chromatography; v (CHC1„) 2950, 
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1780 and 1720 cm" 1 ; 6 pom (CDC1 3 ) 7.28 (5H, br , phenyl), 
6.3t (1H, t, J 2 Hz, C3-H), 5 . 20 ( 2H , s, -CH 2 Ph), 
4.20 (1H, dt J 3 and 8 Hz, C5-H) , 3.16 (1H, d J 3 Hz, 
C6-trans H) , 2.95 and 2.65 (2H, two ddd 1 s J 18, 8 and 
2 Hz, C4-H's), 1.78 (1H, br. s, -OH), 1 . 30 and 1.37 
(6H, two singlets, C-CH^s); (M + at m/e 301.1303. 
C 17 H 19 N °4 requires 301.1314). 

(c) The procedure described in section ii (a) 

was carried out on the mixture of the cis - and tr ans - 
isomers of 4-allyl-l-( 1-benzyloxycarbonyl-l-t riphenyl- 
phosphoranylidenemethyl ) -3- ( 2 -hydroxy- 2 -propyl ) 
azetidin-2-one (0.76 g) as obtained in Example 14 (i) 
After work-up and chromatographic separation, pure 
cis (0.045 g; 1155) and trans (O.lOO g; 25%) isomers . 
of benzyl 6-( 2-hydroxy-2-propyl ) -7-oxo-l-azabicyclo 
[3,2 , o]hept-2-ene-2-carboxylate were obtained. 
fiii) Preparation of 4-allvl azetidin-2-one 



nh 



+ O = C = N - S0 2 C1 J 

<44) («) °^ (46) 

1,4 Pentadiene (44) (30g) and chlorosulphenyl 
isocyanate (45) (35.4 ml) were mixed and allowed to 
stand at room temperature for 3 days, in a pressure 
bottle. The thick, dark syrup, obtained was diluted 
with methylene chloride ( 500 ml) and added dropwise 
to a stirred solution of sodium sulphite (66 g) in 
water ( 240 ml). The pH was maintained between 6.5 
and 7.5 by the addition of 10% aqueous potassium 
hydroxide ( 600 ml in total). The lower organic phase 
was separated and the aqueous phase extracted (x 2) 
with ethyl acetate. The combined organic extracts were 
dried over magnesium sulphate, filtered, and evaporated 



- t< i - 



10 



to give the crude azetidinone (46) as a. red oil (16.05g). 
This was sufficiently pure for use in subsequent reactions 
but could be further purified by distillation b.p. 
76-80 0 /0-2 mm. v max (CHCl 3 ) 3490, 1770 (strong) 1650 
(weak) cm" ; 6 pjpm (CDC1 3 ) 2.39 (2H, t, J 6 Hz, CH 2 ) 
2.61 (lH.ddd, J 14 Hz, 2 Hz, 1.5 Hz, collapsing with 
D 2 0 to dd, J 14 Hz, 2Hz, C3-H), 3.10 (1H, ddd , J 14 
Hz, 5 Hz, 2 Hz , collapsing with D^O to dd , J 14 Hz, 
5 Hz, C3-H), 3.55-3.91 ( 1H , m, C4-H) , 4.98-6.21 ( 3H , 
complex pattern, CH = CH 2 ), 6.67 ( 1H , broad s, exch. 
D 2 Q) ;( Found: M, 111.0683. C 6 H g NO requires M, 111.0684). 
(iv) Preparation of 4-allyl-l- ( 1-hvdroxv-l-benzvloxv - 
carbonvlmethvl )azetidin-2-one 



15 



20 



25 





OH 



( 46 ) (47) CO^CH„Ph 

Benzyl glyoxylate hydrate (6 g) in benzene ( 120ml ) . 
was refluxed for 0.5 hours in a Dean-Stark apparatus 
to remove the water. The azetidinone (46) (2.13 g) 
was added and the reaction mixture refluxed for 4 hours. 
The solution was cooled, evaporated, and chromatographed 
on silica gel, eluting with ethyl acetate-petroleum 
ether mixtures to give a colourless oil (5.6 g) 
consisting mainly of the isomers of (47) and sufficiently 
pure for use in subsequent reactions. Rechromatography 
of a small portion of this oil, eluting with chloroform 
gave (47) as an oil. v max (CHCl 3 ) 3420,1750 (strong) 
1640 (weak) cm -1 . 6 ppm (CDC1 3 ) 1.90-3.05 [4H, m, 
including 6 2.53 (1H, dd , J 15 Hz, 2 Hz, C3-H), 2.92 
(1H, dd, J 15 H: 2 , 5 Hz, C3-H), obscurring 2H, CH 2 ] , 4.52 
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(IH, broad, s, exch. D 2 O,-0H), 4.85-5.90 [6H, m, 
including 6 5.40 (IH, broad, collapsing with H^O to 
singlet, H-C-OH) + complex pattern for CH £ Ph and 
CH=CH 2 ], 7.29 (5H, s). 

( v ) Prepara tion of 4-all vl-l-f 1-benzvloxvcarbonyl^l- 

triphenylphosphoranvlidenemethyl ) azet idin-2-one 



lO 



15 



20 




OH 



C0 2 CH 2 Ph 



O 



PPhu 



C0 2 CH 2 Ph 



(47) (37) 
A stirred solution of the alcohol (47) (6.6g) 
in dry tetrahydrofuran ( 200ml ) , under argon, was cooled 
to -20°, and treated with lutidine (5.13 g) in 
tetrahydrofuran (lO ml). Thionyl chloride (5.70 g) 
in tetrahydrofuran ( 20 ml) was added dropwise. After 
allowing to reach 0° over 20 minutes , the precipitated 
solid was filtered off, washing with dry toluene. 

The combined filtrate and washings were evaporated 
to dryness and the residue taken up in dry toluene, 
filtered and evaporated. The gum obtained was taken 
up in dioxan ( 200 ml) and treated with t riphenylphosphine 
(12.6 g) and lutidine (5.53 ml). After stirring under 
argon at room temperature for 3 hours and standing 
overnight, the precipitated solid was filtered off. 
The filtrate was evaporated to dryness. Chromatography 
on silica gel eluting with ethyl acetate-petroleum 
ether mixtures, gave the required phosphorane, initially 
as a foam, which crystallised from ether ( 5 . 70 g) m.p. 



150-6* 



'max 



(CHC1-) 1730, 1638, 1610 cm 



-1 
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Example 15 

Benzyl 6-( 1-hydroxve t hvl ) -7-oxo-l-azabic yc lo [ 3 , 2 , ol 
hep t-2-ene-2-carboxy late 



OH 




(37) (48) (49) 



A solution of N-isopropylcyclohexylamine (0.60 g) 
in dry tet rahydrof uran (10 ml) was stirred under argon 
and cooled to -78°C. This was treated with a 2.5 M 
solution of n-butyl lithium in n-hexane (1.70 ml). 
After ten minutes, a solution of 4-ally 1-1- ( 1-benzyloxy- 
carbonyl-l-triphenylphosphoranylidenemethyl ) azetidin- 
2-one (37) ( 1 . OO g) in dry tet rahydrof uran ( 10 ml) was 
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lO 



added • Five minutes was allowed for the formation of 

the C(3) carbanion which was then quenched by the 

addition of acetaldehyde (0«54 ml). The mixture was 

stirred under argon for a further ten minutes before it 

was neutralize^ with acetic acid (0,56 g) • The solvent 

was evaporated under reduced pressure and the residue 

chronatographed on silica gel 60 («C230 mesh) eluting 

with ethyl acetate/cyclohexane mixtures grading from 

1:1 to pure ethyl acetate. This gave a mixture of the 

cis and trans - isomers of 4-allyl-l- (1-benzyloxycarbonyl- 

1-triphenylphosphoranylidenemethyl ) -3- ( 1-hydroxyethyl ) 

azetidin-2-one (0.71 g; 65%) (48) and (49); v 

-. max 

(CHC1 3 ) 3000, 1735 and 1620 cm" . 

(ii) Benzyl 6-( 1-hvdroxyethyl ) -7-oxo-l-a.zabicvclo 
3, 2,Olhept-2-ene-2-carboxylate 



HO 




PPh, 



(48) 



+ 



HO 




^ Ph 3 



(49) 



OH 



Me 




C0 2 Bz 



OH 




(51) 
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(52) 



OH 




(53) 



lO 



15 



20 



25 



A mixture of cos and trans-i soraers of 4-allyi-i- 

(1-benzyloxycarbonyl-l-triphenylphosphoranvlidenemethyl)- 
3-(l-h y droxyethyl)azetidin-2-one (Q.79 g) as obtained, 
xn section (i) was dissolved in redistilled ethyl 
acetate ( 70 ml ) . An excess of trif luoroacetic acid 
(1.60 g) was added and the mixture cooled to -78°C 
Ozone was passed into the reaction mixture until it ,as 
pale blue in colour. Argon was then bubbled throuoh 
the solution until all the excess ozone had been 
removed. A solution of triphenylphosphine (0.37 a) 
m ethyl acetate was added and argon bubbled throuoh 
the mixture for a further ten minutes.. The reaction 
flask was then transferred to an ice bath and a saturated 
aqueous solution of sodium bicarbonate ( 104 ml) was 
added to generate the phosphoranes (50) and (51). The 
mxxture was stirred vigourously under argon for thirty 
minutes. The ethyl acetate layer was separated, washed 
with brine and dried over sodium sulphate. 

The solution was left to stand at room temperature 
for three days to allow the cyclisation reactions to 
proceed to completion. The ethyl acetate was then 
evaporated off under vacuum and the residue chromatooraphed 
on silica gel 60 ( 230 mesh) (80 g), eluting with ethyl 
acetate/60-80 O petroleum ether mixtures grading from 
3:7 to 7:3. Only two of the four possible diastereoisimers 
of benzyl 6- ( 1-hydroxyethyl ) -7-oxo-l-azabicyclo [ 3 , 2 , O ] 
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hept-2-ene-2-carboxylate could be isolated from the 
reaction, mixture; these were one cis and one trans - 
ison-r about the ^-lactam ring. The pure cis-isomer 
(53) 0.030 g; 7.4%) was a crystalline material which 
5 could be recrystallised from ethyl acetate/60-80 0 

petroleum ether; m.p. 94-99°C. v max (CHC1 ) 3000, 
1775, 1725 and 1615 cm" 1 ; -6 ppm( ( CD 3 ) 2 CO ) 7.22-7.40 
(5H, m, phenyl), 6.46 (1H, t J 2% Hz, C3-H) , 5.17 
(2H, s, -CH 2 ,Ph) , 4.25 (1H, ddd J lO, 8 and 6 Hz, -C5-H) 
lO overlapping with 3.94-4.23 (1H, m, side-chain -CH), 

3.51 (1H, dd J 6 and 6 Hz, C6-H) , 3.25 (1H, ddd J 18, 
8 and 2h Hz, C4-H) , 2.63 (1H, ddd J 18, lO and 2% Hz, 
C4-H), 1.25 (3H, d J 6 Hz, -CH3) (M + at m/e 287.11SO. 
C 16 H 17 N °4 re quires 287.1157). 

The pure trans-isomer (52) (0.07 g; 17.4%) had 

V max( CHC1 3> 3000 ' 178 °> 172 $ and 1610 cm" 1 ; 6 pom 
((CD 3 ) 2 CO) 7.2-7.5 (5H, m, phenyl), 6.36 (1H, t, J 2% 
Hz, C3-H), 5.17 (2H, s, -CH^Ph) , 4 . 20 ( 1H, dd J 9 
and 3 Hz, C5-H) overlapping with 3.94-4.23 (1H, m, 
side-chain -CH) , 3.31 (1H, dd J 3% and 3 Hz, C6-H) , 
2.96 (1H, s, -OH), 2.77 ( 2H , dd J 9 and 2^ Hz, C4-H»s), 

1.25 (3H, d J 6 Hz, -CH ) (M + at m/e 287.1156. C 1£ H^NO 

■ JLo 1 / 4 

requires 287.1157). 



15 



20 



BNSDOCID: <EP__0002564A1_I_> 



- 63 - 

Example 16 * 



Benzvl 3-et hvlsul phi n vl-7-oxo-l-a2abic vclo f 3 . 2 . olheot - 
2-ene-2-carboxv2 ate 




A suspension of benzyl 3-chloro-3-ethyisulphinyl- 
7-oxo-l-azabicyclo[3, 2.o]heptane-2-carboxylate (54) 
(0.020 g) in ethylacetate (2 ml) was stirred at room 
temperature under argon and treated with 1 , 5-diaza- 
bicyclo[5.4.o]undec-5-ene (0.009 g) . After a period 
of 15 minutes the reaction mixture was washed with 
brine and dried over sodium sulphate. It was concen- 
Crated "to give a single diastereoi somer of benzyl 
3-ethylsulphinyl-7-oxo-l-azabicyclo[3. 2,oJhept-2-ene- 
2-carboxylate (55) (0.017 g) as a gum; ^max (CHC1 3 ) 
2980, 1795 and 1730 cm" 1 ; Y( d^acetone ) 2.5 - 2.8 
(5H, m, phenyl), 4,78 (2H, s, benzyl CH ), 5.71 . 
(lH,tdd J9,5 and 3Hz, C5-H) , 6.49 (1H, dd J17 and 
5Hz, C6-H), 6.82 ( 2H , d J 9Hz, C4-H 2 ), 6.84 (1H, 
dd J17 and 3Hz, C6-H) , 7.13 and 7.15 (2H, 2q J7^Hz> 
SCH 2 ) and 8 . 80 (3H, t J7^Hz, ■ CH 3 ) . 



m 
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- 64 - 



Example 17 



Benzyl 3- ethyl sulphinvl-7-oxo~l-azabicyclo f3 . 2.o]hept - 
2-ene- 2-carboxyl ate 




C °2 CH 2 Ph 



(56) 



O 



H 



C0 2 CH 2 Ph 



(57) 



lO 



15 



20 



Ben zyl 3-chloro-3-ethylsulphinyl-7-oxo-l-azabicy- 

clo[3.2.0]heptane-26-carboxylate (56) (0.037 g) was 

dissoved in ethylacetate (2 ml) and treated with>l,5- 

diazabicyclo[5.4.0]undec-5-eie (0.016 g) . The mixture 

was stirred for h hour at room temperature and the 

ethyl acetate solution was then washed with brine and 

dried over sodium sulphate. It was concentrated and 

the residue crystallized from ethyl acetate/petrol to 

give a single diast ereoi somer of benzyl 3-ethylsulphinyl- 

7-oxo-l-azabicyclo[3.2.o]hept-2-er..e-2-carboxylate ( 57 ) 

(0.020 g), which was different to that obtained in 

example 16. The product had m.p. 121-126° (decomp. ) ; 

S>max (CHC1_) 2970, 1790, 1720 cm" 1 ; X (ethanol) 
3 7 ' max v ' 

307nm( £ 5,900) ; t(CDC1 3 ) 2.66 (5H, s, phenyl), 4.74 
(2H, s, benzyl CH 2 ) , 5.64 (1H, dddd JIO, 8, 5h and 
3^Hz, C5-H), 6.41 (1H, dd J18 and lOHz , C4-H) , 6.43 
(1H, dd J17 and 5^Hz , C6-H) , 6.94 (1H, dd J17 and 
3^Hz, C6-H) 7.06 (1H, dd J18 and 8Hz , C4-H) , 7.07 and 
7.09 (2H, 2q J 7^Hz , SCH 2 ) and 8 . 70 (3H, t J 7^Hz , 
CH 3 ). 
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Example 18 



p-Ni robenzvl 3-e t h v 1 9 u 1 ph 1 n v I - I - o/ab i c vr 1 o \ 3 . 2.o1hept 
2-ene-2-carboxylate 



H 




(58) 



SCH 2 CH 3 



C0 2 CH 2 <g>-Ni 




NO, 



(59) 



SCH 2 CH 3 



°2 CH 2®" 



NO, 



10 



15 



20 



A stirred solution of the chlorosulphoxide (58) 
(147 mg) in ethyl acetate ( 30 ml) was treated with 
l,5-diazabicyclo[5.4.o]undec-5-ene (56 mg), added in 
1 portion. After IO minutes the cloudy reaction 
mixture was washed with water then brine, dried over 
magnesium sulphate, filtered and the filtrate evap- 
orated to a gum. Trituration of this gum with ether 
gave a single isomer of the sulphoxide (59) as a white 
solid (114 mg). This was obtained as white crystals 
(ex ethyl ace tat e/60°- 80° petroleum ether) m.p. 111-2° 
(dec ) ; 

Xmax (EtOH) 268 nm ( E , 12,200), ca 310 nm (inflexion 

(e, 6,500);vmax (CHC1 3 ) 1790 (strong), 1718 (weak), 

1522, 1350, 1322 cm" 1 ; ^(CDClg) 1.36 (3H, t, J7H z , CI-U ) , 

2.92 (2H,q, J7.5H2, CH 2 CH 3 ), 3 . 09 (1H, dd, J16.5 and 

2.5Hz, C6-H), 3.21 (2H, d, J8Hz, C4-H), 3.56 (1H, 

dd, J16.5 and 5.5Hz, C6-H) , 4.11 - 4.45 (1H, m, C3-H) , 

5.22 and 5.42 (2H, ABq , J14Hz, benzyl CH^), 7.57 (2H, 

d, J8HZ, Ar), 8.16 ( 2H , d, J8H:, Ar ) . (Found: C 52.45; 



H, 4.60; N, 7.75, 
4. 40; N, 7 . 69%) . 



C 16 H 16 N 2°6 S re Q uires C > 52.75; H, 
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Example 19 

p-Ni t robenzvl 3-ethvl sulphinvl - 1 -a?^hj i c vc 3 ' 3. j.ojhept - 
2-ene- 2-carboxvlate 




(oO) (61) 



Treatment cf the chlorosulphoxide (60) (77 mg) 
in ethyl acetate ( 20 ml), with 1 , 5-diazabicyclo [5 . 4 . o] 
undec-5-ene (29.5 mg), as in Example 18, gave after 
work-up a single isomer of the sulphoxide (61) as* an 
off-white solid (48.8 rag). This product was the other 
isomer to that obtained in Example (18), and after 
recrystallisation from ethyl ace t ate/6O°-80° petroleum 
ether was obtained as white crystals m.p. 1 10- 1 1 3^5° ; 
Xmax (EtOH) 269 nm ( £,11,300), ca 310 nrn (inflexion 
£, 6,500); ^max (CHC1 3 ) 1795, 1?20 (weak, broad), 1525, 
1350, 1320 cm -1 ; 6(CDC1 3 ) 1.35 (3H, t , J7.5HZ, CH 3 ) , 
2.93 (2H, q, J7.5H2, CH 2 CH 3 ) , 3.03 (1H, dd, J16 and 
2.5Hz, C6-H), 3.07 (1H, dd , J19 and 7.5Hz, CH-H) , 3.57 
(1H, dd, J16.5 and 5.5Hz, C6-H) , 3.59 (1H, dd, J19 
and 9.5Hz, C4-H), 4.20 - 4.53 (1H, m , C3-H) , 5.21 and 
5.45 (2H, ABq, J14HZ, benzyl CH 2 ), 7.55 (2H, d, J8Hz, 
Ar), 8.17 (2H, d, JfiHz, Ar). (Found C, 52.49; H, 
4.43; N, 7.63. C 16 H 16 N 2 C> 6 S requires C, 52.75; H, 
4.40; N, 7.695?) 
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Example 2Q 



Benzyl 3- ( 2-ace tainidoethvl sulphin vl ) -7-oxo- 1 -azabi c vc lo . 
3. 2.0jhept-2-ene-2-carboxvlate 




CI 



co 2 CH 2 Ph 



NCOMe 
H 



(62) 




C0 2 CH 2 Ph 



(63) 



lO 



A solution of benzyl 3- ( 2-acetamidoethyl sulphiny 1 ) - 

3-chloro-7-oxo-l-azabicyclo[3. 2 . o]heptane-2-carboxyl ate 

(62) (O.OIO g) in ethyl acetate (1 ml) was treated with 

l,5-diazabicyclo[5,4.o]undec-5-ene (0.0037 g) under an 

argon atmosphere. It was stirred at room temperature 

for 15 minutes and then washed with brine and dried 

over sodium sulphate. The solution was concentrated 

to give benzyl 3- ( 2-acetamidoethyl sulphinyl ) -7-oxo-l- 

azabicyclo[3,2.o]hept-2-ene-2-carboxylate (63) (0.007 g) 

as a colourless 9 urn ;v max (CHC1 3 ) 3400, 2980, 2920, 

1795, 1920, 1670, 1600 and 1515 cm" 1 ; X (ethanol) 

max ' 

305 nm; T (CDC1 3 ) 2.5 - 2.8 (5H, m, phenyl), 4.76 

(2H, s, benzyl CH 2 ), -5.6 - 5.9 (1H, m, C5-H) , 6.3 - 7.3 

(8H, m, C4-H 2 , C6-H 2> NCH 2 CH 2 S) and 8.14 (3H, s, COCH 3 ) . 
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Example 21 



Benzyl 3-p-acetajnidophenylsulphinvl-7-oxo-l-a2abicvclo 
3 . 2 ,Ojhept-2-ene-2-ca rboxylat e 




COMe 



(64) 



C0 2 CH 2 Ph 



(65) 



C0 2 CH 2 Ph 



lO 



15 



A solution of benzyl 3-jD-acetamidophenyl sulphinyl- 

3-chloro-7-oxo-l-azabicyclo [~3 . 2 .o]heptane-2c:-carbcxylate 

(64) (0.020 g) in ethyl acetate (2 ml) was stirred 

under argon at room temperature and treated v/ith 

1 , 5-diazabicyclo [5 . 4. o]undec-5-ene (0.007 g) . . After 

30 minutes the solution was washed with brine and dried 

over sodium sulphate. Concentration of the solution 

gave benzyl 3-£-acetamidophenylsulphinyl-7--oxo-l- 

azabicyclo [3 . 2 . O ]hept-2-ene-2-carboxylate (65) (0;012 g) 

as a gum; v (CHC1 ) 3460, 3000, 1795, 1725, 1705, 

ma^c 1 

1590 and 1505 cm" ; \ (ethanol) 297 and 259 nm ; 

1 max v J 

T (CDC1 3 ) 2.3 - 2.7 (IOH, m, phenyls and NH) , 4.65 (2H, 
s, benzyl CH 2 ), 5.7 - 6.1 (1H, m, C5-H) , 6.50 (1H, dd 
J17 and 5^Hz, C6-H) , 6.76 (1H, dd J18 and 9Hz , C4-H) , 
6.94 (1H, dd J17 and 3Hz , C6-H) 7.20(1H, dd , J18 and 
10Hz, C4-H) and 7.81(3H, s, C0CH 3 ) . 
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Example 22 

I gnzyl 3-p-acet,midopheny 1 „, 1 
l3 7 2 1 0]hept-2-en e -? -carb OX y l a+c 



icyclo 



lO 



15 



H 



O 



H 

NCOMe 



C °2 CH 2 Ph 



O 




(66) 



CO„CH^Ph 
2 ^ 



(67) 



Benzyl 3- E -acetamidophenylsulphinyl-3-chloro-7- 
oxo-l-azabicyclo [ 3 . 2 . 0 ] heptane-2 B-carboxy late (66) 
(0.020 g) was suspended in ethyl acetate (2 ml) It 
was treated with l,5-dia 2 abicyclo[5.4.o]undec-5-ene 
(0.007 g) and stirred at room temperature under argon 
for SO mins. The ethyl acetate solution was then 
washed with brine and dried over sodium sulphate. 
Evaporation of the solvent gave benzyl 3- E -acetamido- 

phenylsul P hinyl-7-oxo-l-a 2 abicyclo[3,2,o]heot-2-ene- 
2-carboxylate (67) (O.OIO g) as a gum; v (CHC1 ) 
3460, 3320, 3COO, 1795, 1730, 1705, ISQO^d 1510 cm" 1 ; 
X m^ ethano1 ) sh and 262 nm; T (CDC1 ) 2.03 ( 1H 

brs, NH), 2.2-2.8 (9H, m, phenyls), 4.65 (2H, S , benzyl 
CH 2 ), 5.5-6.0 (1H, «, C5-H) , 6.52 (1H, dd J 18 and 
9 Hz, C4-H), 6.56 (1H, dd J 17 and 5h Hz, C6-H) , 
7.14 (1H, dd J 17 and 3 Hz, C6-H) , 7.47 (1H, dd J 18 
and 8 Hz, C4-H) and 7.83 (3H, s, COCH ) . 
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Example 23 

Benzyl 6- f 3-methoxvcarbonvlprop-2-en-l-yl)-7-oxo- 
3-phenvlsulohnvl-l~azabicyc] o [3,2 . 0lhept-2-ene-2- 
c arboxyl at e 



20 



15 



Me0 2 C 




C0 2 CH 2 Ph 



C0 2 CH 2 Ph 



(68) 



(69) 



Benzyl 3-chloro-6- ( 3-methoxycarbonylprop-2-en- 
1-yl ) -7-oxo-3-phenylsulphinyl-l-azabicyclo [3 . 2 . o] 
heptane-2-carboxylate (68) (0.015 g) was stirred in 
ethyl acetate (2 ml) at room temperature under argon 
and treated with 1 , 5-diazabicyclo[5 , 4 ,0]undec-5-ene 
(0^005 g) . After a period of 15 mins. the reaction 
mixture was washed with brine and dried over sodium 
sulphate. Removal of the solvent gave a single 
diastereoisomer of benzyl 6- ( 3— methoxycarbonylprop-2- 
ene-l-yl ) -7-oxo— 3— phenylsulphinyl-l-azabicyclo[3. 2 *0]- 
hept-2-ene-2-carboxylate (69)(0.013 g) as a gum; v 
(CHC1 3 ) 2980, 1795, 1730, 1720, 1660 and 1045cm"" 1 ; 
T (d 6 -acetone) 2.3-2.8 (lOH, m, phenyls), 3.12 (1H, 
dt J 16 and 6 Hz, CH 2 «CH=), 4.12 (1H, dt J 16 and 1 
=CH-CO) , 4.68 (2H, s, benzyl CH 2 ) 5 5.72 (1H, ddd J 
lO, 9 and 6 Hz, C5-H) , 5.9-6.3 (1H, m, C6-H) , 6.39 
(3H, s, OCH 3 ), 6.81 (1H, dd J 18 and 9 Hz, C4-H) , 
7.25 (1H, dd J 18 and lO Hz, C4-H) and 6.9-7.4 ( 2H , 
m, CH 2 -CH=). 



max 



Hz, 
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Example 24 

Benzyl 6- ( 3-methoxy carbony l prop-2-Pn-l-yi y_ 7 . oxn . ? . 

phenylsulphinvl-l-a^ bicvclo K 2 .o1hent-?-o^_^ 
carboxylate 



lO 



15 




(70) 



(71) 



CQ 2 CH 2 Ph 



A solution. of benzyl 3-chloro-6- ( 3-methoxycarbony 1- 

prop-2-en-l- y l)_7- OX o-3-phenylsulphin y l-l- az abic y clo 
L3.2.0]heptane-2p-carboxylate (70) (0.020 g) in ethyl 
acetate (2 ml) was stirred under argon and treated with 
1,5-dxazabicyclo [5 . 4 . 0]undec-5-ene (0.006 g). After 
a period of 15 mi ns . the reaction mixture was washed 
with brine and then dried over sodium sulphate. It 
was concentrated to a gum which was substantially pure 
benzyl 6- ( 3-methoxy carbony lprop-2-en- 1-yl) -7-oxo-3-phenvl- 

sul P hin y l-l-azabicyclo[3.2.0]hept-2-ene-2-carboxylate 
(71) (Q.015 g^^CKCl^ 2980, 1795, 1720 and I66O cm 
T (d 6 -acetone) 2.2-2.8 (IOH, m, phenyls), 3.29 ( 1H , 
dt J 16 and 6 Hz, CH 2 _CH= ) , 4.35 ( 1H , dt J 16 and 1Hz , 
=CH-CO), 4.64 (2H, s, benzyl CH 2 ) , 5.46 (1H, ddd J lO , 
8 and 6 Hz, C5-H), 5.9-6.3 (1H, m, C6-H), 6.39 ( 3H , s, 
°CH 3 ), 6.77 (1H, dd J 18 and lO Hz, C4-H) , 7.47 ( 1H 
dd J 18 and 8 Hz, C4-H) and 7.4-7.8 (2H, m, CH -CH= j . 



-1 
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Example 25 

p-Bromophenacyl 3-ethylsulphinyl-6- ( 3-Tnethoxvcarbonyl 
prop-2-en-I-yl ) - 7-oxo-l-azabicyclo [3.2 . 0"]hept-2-ene-2- 



carboxvlate 



H H 



H H 



Me0 2 C \ 




-Et 



CI 



CG 2 CH 2 CO/ A Br 




O 



-S-E-t 



C °2 CH 2 CC \ /> Br 



(72) 



(73) 



lO 



15 



( 1) D ehvdrohaloaenation with 1 , 5-diazabicvclo [5 , 4 <, ol 
undec-5-ene 

The a-chlorosulphoxide (72) (0.030 g) in dry ethyl 

acetate (2 ml) was treated with 1 , 5-diazabicyclo[5 ,4 ,0] 

undec-5-ene (0.0085 g) (1 equiv. ) at 0° in an atmosphere 

of argon. An immediate precipitate of DBU, HC1 was 

obsv *-ved. Tic analysis indicated that the reaction 

was cl lete within 5 minutes. The reaction mixture 

was washe<_ with saturated aqueous sodium chloride 

2 

solution and dried (Na^SC^). Recovery gave a A - 
sulphoxide (73; of single chirality at sulphur)as a gum 
(0.023 g) (ca 95% purity; hplc analysis) which could 



not be induced to crystallise, v 
1710, 1660, 1630, 1590 cm" 1 ; A 



max 



(CHC1-) 1790, 1725, 
(EtOH) 305nm (e = 



1590 cm 

2,900), 290 infl. (3,600), 258 ( 18 , OOO) ; 6 ( d 6 ~acetone ) 
1.28 (3H, t, J 8 Hz), 1.65 br ( 2H , C4-H 2 ), 2.3-3.3 
(m), 3.15 (2H, q, J 8 Hz), 3.63 (3H, s), 3.97 ( 1H , m, 
Wi 13 Hz, C6-H) , 4.53 ( 1H , m, W x 13 Hz, C5-H) , 5 . 60 
(2H, s), 5.93 br (1H, d, J 15 Hz), 6.92 (1H, dt , J 15, 
6 Hz), 7.68 and 7 . 90 (4H, AA 1 BB 1 , J 8 Hz). 
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Thermal dehydrohalooenation ( s olid phase) 

On heating the a-chlorosulphoxide (72) (0.005g) 
vacuo at 80 ° for 1 day, the crystals were observed 
to collapse to a gum. T.l.c analysis of the material 

showed the presence of the A- 2-sulphoxide (73), to- 
gether with unchanged a-chlorosulphoxide (ca 3:2 ratio). 
Continued heating in vacuo over NaOH pellets effected 
complete conversion to the product, which was identified 
by its i.r. spectrum (identical with that of material 
prepared) . 

( iid -) Dehydrohalooena tion with sodium thiophenoxiHp 

The a-chlorosulphoxide (72) (O.OIO g) in 
dimethylformamide (0.2 ml) was treated with sodium 
thiophenoxide (0.0025 g) (1 equiv. ) at 0° in an 
atmosphere of argon. After 30 mins . complete conversion 
to the A-2 sulphoxide (73) was observed (t.l.c. analysis) 
and the product shown (i.r. spectrum) to be identical 
with material previously prepared. 



# 
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Example 26 

p-Bromophenacyl 3- ethyl sulphonyl- 6- ( 3-methoxycarbonyl- 
prop-2-en-l-vl ) -7-oxo-l-a2abicyclQ['3 1 2 ,Olhept»2~ene- 
2- carboxylase 



MeO 



H H 



N 



(74) 



O 

! 




-Et MeO 



CI 



C °2 CH 2 CO (~) Br 



H H 




C0 2 CH 2 CO< 



(75) 



The C2f3-substituted ct-chlorosulphoxide (material 

from example 44) (0,065 g) in ethyl acetate (5 ml) was 

treated with 1 , 5-diazabicyclo [5 , 4 , Ojundec-5-ene at 0° 

for 5 mins. Recovery in ethyl acetate as previously 

described (example 25) gave a A-2 unsaturated sulphoxide 

(75) (0.060 g) as a gum; v a (CC1. ) ' 1795 s 1730, 1720sh, 
^ max 

1660, 1590 cm" . This was less stable than the sulphoxide 
epimer.: (73) described in Example 25, and was shown to 
be different to it (h.p.l.c. analysis). 
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Example 27 

p-Bromophenacvl '3-ethyl sulphinvl -ft- f 3- me thnvur a r^ y i _ 

Prop-2-en-l-vl)-7-oxo- 1 -azabi e vr 1 »r ^ ,2.o1h < »nt-P- OT o- ? - 

carboxylate 



10 



15 



H H 



MeQ 2 C 




O 



,S-Et MeO, 



H H 



2~"2 
mixture (76) 



CO_CH„C 



O 

S-Et 



C0 0 CH„CO 




W 2~"2 V 
(73) and (75) 




- Br 



The mixture of R and S sulphoxide epi^ers of the 
a-chlorosulphoxide (76) obtained in Example 45 (0.026o) 
in ethyl acetate (2 ml), was treated with 1,5-diaza- 
bicyclo[5,4,0]undec-5-ene (O.OO? g) (1 equiv. ) in the 
usual manner (0°, 15 min). Recovery in ethyl acetate 
as previously described (Example 25) gave a mixture of 
R and S sulphoxide epiir.ers Q f the A- 2 sulphoxide (73) 
and (75) as a gum (0.022 g) which foamed in vacuo , 
V max (CHC1 3 > 178 °' l?20sh, 1705, 1660, 1610 and 1585 c 
X max (EtOH ) 3 ° 7 ' 260nm; 6 (d & acetone) 1.24 br ( 3H , t, 
J 8 Hz), 1.62 br (2H), 2.3-3.4 (5H, m) , 3.60 (3H, s), 
ca 3.9 (1H, m, G6-H) , ca 4.4 (1H, m, C5-H) , 5.50 and 
5.56 (together 2H , centres of AB quartets for the 
sulphoxide epimers), 5.87 br (1H, d, J 15 Hz), 6.86 
(1H, dt, J 15 and 6 Hz), 7.63 br and 7.85 br (4H, AA ' 
BB ' , J 9 Hz) . 



_ 1 
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Example 28 

Phthalidyl 3-ethvlsulphinvl-6-( 3-mPt 



hoxycarbonvl prop- 



2-en-l-yl )-7-o xo-l-a Z abicvclor3.2.o1hept-2- g n P -?- 
carboxylate 



H H 



O 



Me0 2 C^V^S 



E "tMeO_C 




H H 




lO 



The major cc-chlorosulphoxide (77; Isomer A) 

(Example 46) (0.026 g) in ethyl acetate, was treated, with 

DBU (0.008 g) (1 equiv) at 0° in the manner previously 

described. Recovery in ethyl acetate afforded the 

A -phthalide ester (78) (0.023 g) v (CHC1„) 1790, 

' max 3' - ' 

1770sh, 1740sh, 1725, 1660 1620, 1045 , 980 cm" ; X 

max. 

(EtOH) 308nm ( e = 2.510) , 281 ( 2700) , 274 (2640), 225 inf 1 . 
(17, OOO) , 6 (d 6 acetone) 1.15 (3H, t, J 8 Hz), 1.65 br 
(ca 2H, C4-H 2 ), 2.3-3.3 (2H, m) , 3.25 (q, J 8 Hz, 
-SO-CH 2 CH 3 ) 4.49 ( 1H , m , 13 Hz , C6-H) , 5.90 (1H, 

m, 13 Hz, C5-H), 6.88 (1H, dt , J 15, 6 Hz), 7.52 

(1H, s) , 7.80 br (4H, m) . 
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io 



15 




C0 2 CH 2 Ph 




C0 2 CH 2 Ph 



(79) 



(SO) 



A solution of benzyl 6-benzyl-3-chloro-3-ethyl- 

sulphinyl-7-oxo-l-azabicyclo[3.2.0]heptan e -2-carbox y late 
(79) (0.020 g) in ethyl acetate (2 ml) was treated with 

l,5-diazabicyclo[5.4.o]undec-5-ene (0.0069 g). It was 
stirred for 15 mins. at room temperature and then the 
solution was washed with brine and dried over sodium 
sulphate. Concentration of the" solution gave benzyl 

6-benzyl-3-ethylsulphin y l-7-oxo-l-azabicyclo[3.2.o]- 
hept-2-ene-2-carboxylate (SO) (0.016 g) as a colourless 
9Um; V ma*< CHC1 3> 299 °> 179 0, 1725 and 1590cm" 1 ; X 
(ethanol) 308nm; T(CDC1 3 ) 2.5-2.9 (lOH, m , phenyls^ 
4.66 and 4.82 (2H, ABq J 12 Hz, 0CH ? ) f 5.99 ( 1H , ddd 
J IO, 8 and^3 Hz, C5-H) , 6.39 (1H, ddd J 9 6 and 3 Hz, 
C6-H), 6. 6-/. 2 (4H, m, C4-H 2 and C8-H., ) , 7.20(2H, q 
J 73s Hz, SCH 2 ) and 8.76 (3H, t J 7 3g Hz, CH ) ; (M + 
at m/e 409.1333 C 23 H 23 N0 4 S requires 409.1348). 
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Example 3Q 

Benzyl trans-6-( 1-hydroxvethvl ) -7-oxo-3-nh»ny • «,„ i p h^ y -, _ 
1-azabicvclo f 3 . 2 . Olhept-2-ene-2-carb« •v.- 1 a i <=> 



lO 



15 



20 



Me 




CO„CH 0 Ph 



C °2 CH 2 Ph 



(81) 



(82) 



A suspension of benzyl 3-chloro-trans-6- ( 1- 

hydroxyethyl ) -7-oxo-3-phenylsulphinyl-l-azabicyclo 
[3.2.0]heptane-2-carboxylate (81) (0.031 g) in ethyl 
acetate ( 3 ml ) was stirred at room temperature under 
argon and treated with 1 , 5-diazabicyclo [ 5 . 4 . ojundec- 
5-ene (0.0106 g) , After a period of 30 rains, the 
solution was washed with brine and dried over sodium 
sulphate. It was concentrated to a gum which was then 
crystallised from ethyl acetate/60-80° petroleum ether 
to give benzyl trans-6-( 1-hydroxyethyl ) -7-oxo-3- 

phenylsulphinyl-l-azabicyclo[3.2.o]hept-2-ene-2-carboxylate 
(82) (0.015 g); m.p. 104-109°; v m av (CHCl_) 3420, 2980, 



^max ( ethano1 ) 302nm; 



1790, 1730, 1625 and 1590cm 

t(CDC1 3 ) 2.3-2.8 (lOH, m, phenyls), 4.55 and 4.72 
(2H, ABq J 12 Hz, benzyl CH 2 ) , 5.7-6.1 (2H, m, C5-H 
and C8-H), 6.61 (1H, dd J 4 and 2 Hz, C6-H) , 6.74 
(1H, dd J 19 and 8 Hz, C4-H) , 7.27 (1H, dd J 19 and 11 
Hz, C4-H), 8.20 (1H, br , OH) and 8.68 (3H, d J 6 Hz, 
CH 3 ); (M + - H 2 0 at m/e 393.1058. C 2 2 H 21 N0 5 S "" H 2° 
requires 393.1032). 
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Example 31 

Benzyl 3-ethvlsulphinyl-t r ans-6-( 2-hvdroxv-2-pronvl >- 
7-oxo-l-azabicvclo f 3 . 2 . Olhept-2-ene-2-carboxy l a tP 



lO 



15 




C0 2 CH 2 Ph 



S-Et 



C °2 CH 2 Ph 



(83) 



(84) 



20 



A solution of benzyl 3-chloro-3-ethylsulphinyl- 
trans-6-( 2-hydroxy-2-propyl ) -7-oxo-l-azabicyclo [3 . 2 .o]- 
heptane-2c^carboxylate (83) (0.030g) in ethyl acetate 
(2 ml) was stirred under argon at room temperature and 
treated with 1 , 5-diazabicyclo[5 ,4 ,0]undec-5-ene (O.Ollg). 
After 30 mins. the product was washed with brine and 
dried over sodium sulphate. The ethyl acetate solution 
was concentrated to a gum which was crystallized from 
chloroform/60-80° petroleum ether to give benzyl 3- 
ethylsulphinyl-trans-6-( 2-hydroxy-2-propyl ) -7-oxo-l- 
azabicyclo [ 3. 2 .o]hept-2-ene-2-carboxy late (84) (0.017 g); 
ro.p. 146-9° dec; Vmax (CHCl 3 ) 3400, 2970, 1790, 1720 and 
1595 cm" ; (ethanol) 308 nm; t(CDC1 3 ) 2.69 ( 5H , s, 

phenyl), 4.68 and 4.86 (2H, ABq J 12 Hz, benzyl CH 2 ) , 
5.72 (1H, td J 9 and 3 Hz, C5-H) , 6.66 (1H, d J 3 Hz, 
C6-H), 6.82 (2H, d J 9 Hz, C4-H 2 ), 7.15 (2H, q J 7 Hz 
slightly split, SCH 2 ), 7.85 (1H, brs, OH), 8.59 (3H, 
s, CH 3 ) , 8.70 (3H, s, CH 3 ) and 8.73 (3H, t J 7 Hz , CH 3 
of SEt); (Found; C, 60.1; H, 6.3; N, ' 3.655." C H^NOgS 
requires C, 60.5; H, 6.1 and N , 3.7%). 
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Example 32 

Benzyl 3-ethvlsulphinvl-trans-6-f2-hvdrox y -?-nrn 



PvD- 



7-oxo-l-aza-bicvclor3. 2.o1hept-2-ene-2- 



carboxylate 



OH 




C0 2 CH 2 Ph 



(85) 



(86) 



-Et 



C0 2 CH 2 Ph 



lO 



15 



20 



A solution of benzyl 3-chloro-3-ethylsulphinyl- 
t rans-6- ( 2-hydroxy-2-propyl ) -7-oxo-l-azabicyclo [3 . 2 . 0]- 
heptane-2p-carboxylate (85) (0.015 g) in ethyl acetate 
(2 ml) was stirred under argon at room temperature and 
treated with 1 , 5-diazabicyclo[5 ,4 ,0]undec-5-ene (0.0055g). 
After 30 mins. the reaction mixture was washed with 
brine and dried over sodium sulphate. It was concentrated 
to a gum which was crystallized from ethyl acetate/ 
60-80 petroleum ether to give benzyl 3-ethylsulphinyl- 
t rans-6- ( 2-hydroxy-2-propyl ) -7-oxo-l-azabicyclo [3 . 2 . o]- 
hept-2-ene-2-carboxylate (86) (O.O08 g) ; m.p. 128-129°; 
v max (CHC1 3) 34CO » 2980, 1790, 1725 and 1600 cm" 1 ; 
T (CDC1 3 ) 2.70 (5H, s, phenyl), 4.79 (2H, s, benzyl CH ) , 
5.66 (1H, ddd J lO, 8 and 3 Hz, C5-H) , 6.48 (1H, dd J 
19 and lO Hz, C4-H) , 6.71 (1H, d J 3Hz, C6-H) , 7. OS 
(1H, dd J 19 and 8 Hz, C4-H) , 7.14 and 7.16 (2H, 2q 
J 7 Hz, centres of non-equivalent SCH 2 ) , 7.47 ( 1H , brs, 
OH), 8.63 and 8.71 (6H, 2s, C(CH 3 ) 2 ) and 8.76 ( 3H , t 
J 7 Hz, CH 3 of SEt): (Found; C, 60.5; H, 6.2; N, 
C 19 H 23 N °5 S requires C, 60.5; H, 6.1 and N, 3.7%). 
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lO 



Example 33 

Benzyl 3-ethy! sulphonyl..,-- « f - h| „ , _ LJ , , , 
OH 



Et 




C0 2 CH 2 Ph 




(87) 



C °2 CH 2 Ph 



(88) 



ci« 6 ^ S ° 1Ut±0n ° f ben2 ^ 3 -^oro-3-eth y isulp hiny l- 
c 1 s-6-(2-h y drox y -2-p r op y l ) _ 7 . oxo . 1 . a2abicyclo[32> 

Bcptane-2-carboxylate (87) fo nn „\ • 

, . , , y axe (B7) (0.013 9) ln Gthyl acetat 

reLL" aS r"" d Under ar9 °" " *«*««u„ and 

treated ««h 1.3-di.^ie,=lo[3.4.o]und.c-S-.„. (0.0048 B) . 
After a per.od of 3D „ ins , further ethyl acetate 
was added and the solution washed with brine. The 
ethyl acetate solution was dried over sodiu m sulphate 

cis 1,1 n Centr " ed t0 9iVS 3 -*«^ulphin y l- 
Cis 6 ( 2 -hydro*y- 2 - propy i , -7-oxo-l-azabicyclo [3. 2 .0]- 

hept-2-ene-2-carboxylate (88) (o.oila) as a S u n; 



(CHC1 3 ) 3400, 2980, 1780 and 1730 cm 
305 nm. 



-1 ' ' max 

\nax ( EtOH ) 



# 




p o o 9 f ^ 4 
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Example 34 

Benzyl 3-chlor o-3-ethvlsulphinvl-7-oxo-l-a2abicvclo [3 . 2 . o"] 
heptane-2 a-carboxylate 



H 




SEt 



C0 2 CH 2 Ph 



(14) and (15) 



H 



O 



S — Et 



C0 2 CH 2 Ph 



(54) 



lO 



15 



20 



A solution of the C3-diastereoisomers of benzyl 
3-ethylthio-7-oxo-l-azabicyclo[3.2.o]heptane-2a - 
carboxylate (14) and (15) (0.038 g) in chloroform (4 ml) 
was stirred in an ice bath under argon. It was treated 
with water (0.003 g) , pyridine (0.030 g) and iodobenzerie 
dichloride (0.069 g) and stirred for 4 hours. The 
product was concentrated and then chromatographed on 
silica gel 60 (-C230 mesh) eluting with ethyl acetate/ 
60-80° petroleum ether. This gave a mixture of two 
diastereoisomers which when crystallised from chloroform/ 
60-80° petroleum ether gave the pure major isomer. of 
benzyl 3-chloro-3-ethylsulphinyl-7-oxo-l-azabicyclo- 
[3.2.0] heptane-2 a -carboxylate (54) (0.024 g); m.p. 
123-125°; v max (CHCl 3 ) 2980, 1780 and 1740 cm" 1 ; x(CDCl 3 ) 
2.70 (5H, s, phenyl), 4.88 (2H, s, benzyl CH 2 ), 4.97 
(1H, s, C2-H), 5.6-5.9 (1H, m, C5-H) , 6.52 (1H, dd J 16 
and 5 Hz, C6-H), 6.79 (1H, dd, J 16 and 3 Hz, C6-H) , 
6.86 (2H, q J 7lj Hz, SCH 2 ), 6.90 (1H, dd J 15 and 7 
Hz, C4-H), 7.61 (1H, dd J 15 and 2 Hz, C4-H) and 8.64 
(3H, t J 7^ Hz, CH 3 ); (Found; C, 53.9; H, 5.0; N, 3.753. 
C 16 H 18 C1N °4 S re q uire s C, 54. O; H, 5.1; N, 3.9%). 
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Example 35 

Benzyl 3-chloro-3-ethylsul D hinv] -7,oxo-l- a zabicvclor3. 2 .o] 
heptane-28-carboxvlate 



H 




(16) 



tun SEt 



C0 2 CH 2 Ph 



H 



(56) 



O 




C0 2 CH 2 Ph 



io 



15 



A solution of benzyl 3 o-ethyl thio-7-oxo-l-aza- 
bicyclo[3.2.o]heptane-23-carbox y late (16) (0.050 g) in 
methylene chloride (5 ml) was stirred in an ice bath 
under argon and treated with water (1 drop), pyridine 
(0.040 g) and iodobenzene dichloride (0.091 g). The 
ice-bath was removed and the reaction mixture stirred 
at room temperature for 3 hours. The solution was then 
concentrated and chromatographed on silica gel 60 
(£230 mesh) eluting with ethyl, acetate/60-80° petroleum 
ether 7:3 to give benzyl 3-chloro-3-ethylsulphinyl-7- 
oxo-l-azabicyclo [ 3 . 2 .O]heptane-2p-carboxylate ( 56 ) 
(0.037 g) as a gum; T (CDC1 3 ) 2.61 (5H, s, phenyl), 
4.75 (2H, s, benzyl CH 2 ) , 5.55 (1H, s, C2-H) , 5.6-5.9 
(1H, m, C5-H), 6.5-8.0 (6H, m, C4-H 2 , C6-H 2 , SCH ) 
and 8.64 (3H, t J 7 Hz , CH3) . This material waAnstable 
and had to be progressed immediately as shown in 
example 17. 



BNSDOCID: <EP__0002564A1J_> 




I / s 



— 84 - 



Example 36 

P-Nitro benzyl 3-chloro-3-ethvlsulphinyl-7-oxo-l-a2abicvclo 
heptane-2 g-carboxylate 



T3.2.Q 



H 




(89) 



SCH 2 CH 3 



CG 2 CH 2 



NO, 



H 




SCH 2 CH 3 



CI 



(58) C °2 CH 2 



NO, 



lO 



15 



20 



E-Nit robenzyl 3f3-ethylthio-7-oxo-l-azabicyclo [3 . 2 . o] 
heptane-2 a -carboxylate (89) (215 mg) was dissolved 
in chloroform ( 20 ml) and treated with pyridine (194 mg).. 
and water (8 drops). The stirred mixture was cooled 
in a bath at -20° and treated with iodobenzene dichloride 
(506 mg). The reaction vessel was transferred to an 
ice-bath. After stirring at 0° for 45 mins. the clear 
solution obtained was dried over magnesium sulphate, 
filtered concentrated by evaporation, and chroma tographed 
on silica gel (^.230 mesh), eluting with 50-60% ethyl 
acetate in 60-80° petroleum ether to give a single 
chlorosulphoxide isomer (58) as a white solid (147 mg). 
Crystallisation from ethyl acetate/60-80° petroleum 



ether gave white needles m.p. 104-8°; v 

..-1. 

9 



m „ (CHC1 0 ) 
max v 3 ' 



1780, 1730, 1522, 1350 cm""; 6(CDC1 3 ) 1.37 (3H, t. 
J 7.5Hz, CH 3 ), 2.41 (1H, dd , J 14 and 2 Hz, C4-H) , 2.97 
(1H partially obscurred dd, J 14 and 7 Hz, C4-H) , 3.10 
(2H, q, J 7.5 Hz, CH 2 CH 3 ), 3.23 ( 1H , dd , J16 and 3 Hz, ■ 
C6-H), 3.50 (1H, dd, J 16 and 5.5 Hz, C6-H) , 4.15-4.40 
(1H, m, C5-H), 5.06 (1H, s, C2-H) , 5.20 (2H, s, benzyl 
CH 2 ), 7.50 (2H, d, J 8 Hz, Ar), 8.15 (2H, d, J 8 Hz, Ar). 
(Found: C, 48. 20; H, 4.26; N, 7 . Ol. C 16 H 17 N 2 C10 6 S requires 
C, 47.94; H, 4.24; N, 6.99%). 
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Example 37 

p-Nitrob enzyl 3-chloro-3-ethvlsulphinvl-7-oxr>-l 
bicyclo r 3 . 2 . Olheptane-2 B.-carboxy latP 



H 




(90) 



H 




(60) 



C0 2 CH. 



O 



SCH 2 CH 3 



NO, 



lO 



15 



20 



E-Nitrobenzyl 3a -ethylthio-7-oxo-l-azabicyclo 
[3.2.0] heptane-2 6 -carboxylate (90) (71.4 mg) in dry 
chloroform (7.1 ml) was treated with pyridine (63.2 mg) 
and water (2 drops). The stirred mixture was cooled in 
a bath at -20° and iodobenzene dichloride (165 mg) 
added. After allowing the reaction mixture to reach 
O over 30 minutes the yellow solution obtained was 
stood at 0° for 30 minutes then in the freezer for 30 
minutes. Water was removed from the reaction mixture 
by filtration through phase-sep paper and the filtrate 
was reduced in volume by evaporation then chromairographed 
on silica gel (^-230 mesh). Elution with 50-70% ethyl 
acetate in 60-80° petroleum ether gave a single isomer 
of the chlorosulphoxide (60) as an unstable gum, 
(59.5 mg); v max (CHCl 3 ) 1775, 1742, 1522, 1345 
6 (CDC1 3 ) 1.37 (3H, m, CH 3 ) , 2.20-3.37 [6H including 
62.31 (1H, dd, J 13 and 5 Hz, C4-H), 2.59 (1H, dd, J 13 
and 9 Hz, C4-H), 2.90 (1H, dd , J 16 and 2 Hz, C6-H) , 
3.24 (1H, dd, J 16 and 5 Hz, C6-H) obscurring (2H, m, 
unsymmetrical CH 2 CH 3 ) ] , 4.12-4.38 (1H, m, C3-H),4.43 
(1H, s, C2-H), 5.29 (2H, s, benzyl CH 2 ) , 7.53 (2H, d, 
J 8 Hz, Ar), 8.05 (2H, d, J 8 Hz, Ar) . 



-1 

cm ; 
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Example 38 

Benzyl 3-(2-acetamidoethvlsulphinyl)-3-chloro-7-oxo-l- 
azabicyclo [3 . 2 . P"| heptane-2-carboxylate 



H 



lO 



15 




o 



C0 2 CH 2 Ph 




H 



(91) 



(62) 



C0 2 CH 2 Ph 



Benzyl 3- ( 2-acet amidoethylthio ) -7-oxo-l-azabicyclo- 
[3.2.0]heptane-2-carboxylate (91) (0.050 g) was dissolved 
in chloroform (5nl) and stirred at 0° under argon. 
It was treated with water (O.OIO g) and pyridine 
(0.022 g) followed by iodobenzene dichloride (0.038 g) . ~ 
A period of 2 hours was allowed to elapse and the 
solution was concentrated and the product chromatographed 
on silica gel 60 (£230 mesh) eluting with chloroform/ 
ethanol 9:1. This gave benzyl 3-( 2-acetamidoethyl- 
sulphinyl )-3-chloro-7-oxo-l-azabicyclo [3.2. 0]heptane-2- 
carboxylate (62) (0.040 g); m.p. 89-93°, v max (CHCl 3 ) 
3450, 2980, 1780, 1745, 1670 and 1515 cm" 1 ^^ CDC1 3 ) 
2.70 (5H, s, phenyl), 3. 70 (1H, br, NH) 4.88 (2H, s, 
benzyl CH 2 ) 4.97 (1H, s, C2-H) , 5.6-5.9 (1H, m, C5-H) , 
6.40 (2H, q J 5 Hz, . NCH 2 ), 6.6-7.0 (4H, m, SCH 2 and 
C6-H 2 ), 7.05 (1H, dd J 15 and 8 Hz, C4-H) , 7.68 (1H, 
dd J 15 and 2 Hz, C4-H) and 8.07 (3H, s, COCH 3 ); (Found; 
C, 52.1; H, 5.4; N, 6.9%. C^H^CIN^S requires C, 
52.4; H, 5.1 and N, 6.8%). 
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Example 39 

Benzyl 3-p-acetamidophenvlsulphinyl-3-chloro-7- 



oxo-1- 



azabicyclor3.2.0l heptane-2 a -carboxvlatP 



H 



10 



15 





H 

NCOMe 



t0 2 CH 2 Ph 



(92) 




C °2 CH 2 Ph 



A solution of benzyl 3-p.-acetamidophenylthio-7- 
oxo-l-azabicyclo [ 3 . 2 . O]heptane-2a-carboxylate (92) 
(0.150 g) in chloroform ( lO ml ) was stirred under araon 

7 d T^ ed SUCCeSSiVel ^ With water (O.OG7 g), pyridine 
(0.102 g) and iodobenzene dichloride (0.251 g) . After 
a period of 1 hour at room temperature, the solution 
was concentrated and then chromatography on a column 
of sxlica gel 60 «230 mesh) elating with ethyl acetate. 

" 9aVS ben2yl 3 -£-acetamido P hen y lsul P hinyl-3-chloro- 
7-oxo-l-a 2 abicyclo[3.2.o]he P tane-2 « -carboxylate (64) 

3^ 20 17L aS 17 a COlOUrlSSS f °™-> W<*«3> 3340, 
3CXX), 1785, 1745, 17QO, 1590 and 1510 cm" f ; T (CDC1 ) 

1-52 (1H, brs, NH), 2.2-2.8 (9H, m, phenyls), 4.7 4 3 (2H 

s, benzyl CH^, 4.96 (1H, s, C2-H) , 5.6-5.9 (1H, m, ' 

C5-H), 6.62 (1H, dd J 16 and 5 Hz, C6-H) , 6.93 ( 1H 

dd J 16 and 2H Hz, C6-H), 7.16 (1H, dd J 15 and 8 Hz, 

C4-H), 7.86 (3H, S , COCH^ and 8.22 (1H, d J 15 Hz, C4-H) 
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Exainple 4Q 

Benzyl 3-p-acetamidophenvlsulphinyl-3-chloro-7-oyn-l - 



a2abicv clor3.2.Q |heptane-2e-carboxvlate 



H 



o \ 



(93) 



C0 2 CH 2 Ph 



O 



H 



1 — N ^/ CI 




NCOMe 



C0 2 CH 2 Ph 



(66) 



lO 



15 



20 



Benzyl 3-p_-acetamidophenylthio-7-oxo-l-azabicyclo- 
[3.2.0]heptane-2p-carboxylate (93) (0.150 g) was stirred 
in chloroform ( lO ml) under an argon atmosphere. It 
was cooled to 0° and treated with water (0.007 g), 
pyridine (0.102 g) and iodobenzene dichloride (0.251 g). 
The cooling bath was removed and the reaction mixture 
was stirred at room temperature for 2 hours. The 
resulting solution was concentrated to small bulk and 
then chromatographed on silica gel 60 (4L230 mesh) 
eluting with ethyl acetate to give benzyl 3- E -acetamido- 
phenyl- sulphinyl-3-chloro-7-oxo-l-azabicyclo[3. 2.0> 
heptane-2p-carboxylate (66) (0.066 g); m.p. 165-175° 



dec (chloroform/60-80 0 petroleum ether) 



max 



(CHC1 ) 



-1 



3450, 3350, 3000, 1780, 1740, 1700, 1590 and 1510 cm 
T (CDC1 3 ) 2.2-2.8 (lOH, m, phenyls and NH) , 4.68 (2H, 
s, benzyl CH 2 ) , 5.56 (1H, s, C2-H) 5.7-6.1 (1H, m, 
C5-H) , 6.76 (1H, dd J 16 and 4 Hz, C6-H) , 7.08 (1H, 
dd J 16 and 2% Hz), 7 . 50 (1H, dd J 12 and 9 Hz, C4-H) , 
7.81 (3H, s, C0CH 3 ) and 8.28 (1H, dd J 12 and 5 Hz, 
C4-H); (Found; C, 57.1; H, 4.3; N, 6.3%. C^H^CIN^S 
requires C, 57.3; H, 4.6 and N, 6.1%). 
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Example 4.1 

carboxvlato ±.y cj -° I J . 2 . Q fh^-r ^ 



lO 



15 



20 




C °2 CH 2 Ph 



A solution of benzul * (i ( 68 ) 

V ) 7 0 ^-3-phenylthio-l- a2 abicyclor3 2 nln 
2-carboxylate (94) (o OSO ^ ■ ycXo L 3 - 2 -°Jheptane- 

stirred at 0° under ' " Chl ° r ° fo ~n (3 -.1) was 

(O 002 al treated water 

IU.002 g), p yridine (0>Q26 j . Gr 

(0-061 g). After , ' _ 9> ^dobenzene dichloride 

and then chromatographed on s^ concentrated 

1 . y ^ uea °n silica qpI ah / > 

eiut.no with ethyl acetate/6O-80° pltL h) 
This produced benzol 3 P a **°leun, ether 1:1 

■a-n-l-yD-7-ow^i, f C " l0r °- 6 - (3 - m « h °^«rbo„ y lpro P - 

(ethylacetate/60 fin° ! 9); m * P ' 144 ~146° 

dOH, phenyls,, 3. 24 (iH , ^ J'^V fi 2 - 3 - 2 - 8 

v > <^m -CH=) and 8.29 Mh t -, r- 

(Pound: c, 2 59. 7; „. 4 o. ^ " % """" 

c - S9.8, „, 4 . 8 a„d s, iero C2sH - C1N °e s 



C0 2 CH 2 Ph 
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Example 42 
Benzyl 3-chloro-6- ( 3-niethoxyca 



rbonylprop-2-ene-l-yl ) - 



7-oxo-3-phenvlsu lphinvl-l-azabicvclor3.2.o1heptane-2B- 
carboxylate 



lO 



15 



20 



Me0 2 C 




C0 2 CH 2 Ph ■ 



C0 2 CH 2 Ph 



(95) 



(70) 



Benzyl 6- ( 3-methoxycarbonylprop-2-ene-l-yl ) -7- 
oxo-3-phenyl thio-1-azabicyclo [3 . 2 .O]heptane-2p-carboxylate 
(95) (0.050 g) was dissolved in chloroform ( 3 ml ) and 
stirred under argon at 0°. It was then treated with 
water (0.004 g) and pyridine (0.026 g) followed by 
iodobenzene dichloride (0.061 g) . After a period of 
three hours, the solution was concentrated and then 
chromatographed on silica gel 60 (£-230 mesh) eluting with 
ethyl acetate/60-80 0 petroleum ether 1:1. This gave 
the product as a gum which could then be crystallised 
from chloroform/diet hyl ether to give benzyl 3-chloro- 
6-( 3-methoxycarbonylprop-2-ene-l-yl)-7-oxo-3-phenyl- 
sulphinyl-l-azabicyclo[3.2.o]heptane-23-carboxylate 
(70) (0.038 g) as a chloroform solvate; m.p. 150-160° 
(dec); V max (CHCl 3 ) 2980, 1780, 1730 and 1660 cm" 1 ; 
x (CDC1 3 ) 2.3-2.8 (11H, m, phenyls and CHC1 3 ) , 3.21 
(1H, dt J 16 and 6 Hz, CH 2 ~CH=), 4.27 (1H, dt J 16 
and 1 Hz, CH=CH-CO), 4.72 ( 2H , s, benzyl CH 2 ), 5.59 
(1H, s, C2-H), 5.84 (1H, dt J lO and 5 Hz, C5-H) , 6.32 
(3H, s, OCH 3 ), 6.57 (1H, dt J 11 and 5 Hz, C6-H) , 
7.3-7.6 (2H, m, CH 2 -CH= ) , 7.48 (1H, dd J 12 and lO Hz, 
C4-H) and. 8. 46 ( 1H , dd J 12 and 5 Hz, C4-H) ; (Found: 
C, 50.1; H, 4.3; N, 2.2%. C 25 H 24 C1N0 6 S ,CHC1 3 requires 
C, 50.3, H, 4.1 and N, 2.3%). 
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Examp 1 o 4 3 

p-Bromophenacvl 3-chloro-3-ethv l sulphinv3 ( 3-methow- 

carbonvlprop-2-en-l- vl)-7-o X n-l-azabicvc1or3.2.0l 
heptane-2g-carbnvvl atP 



PhICl 2 /H 2 0/pyridine 



Me0 2 C 




(25) 



C0 2 CH 2 CO 



C0 2 CH 2 CO< 



(72) 



MeO 




S — CHC1.CH. 



C0 2 CH 2 C0 0- ; 



Br 



(96) 



lO 



.. The E-bromophenacyl-30-sulphide-2a-carboxylatG 
(25) (0.192 g) j. n anhydrous chloroform ( lO ml) was 
treated successively with water (0.007 g) , py ridine 
(0.090 g) and iodobenzene dichloride (0.207 g) at 0° 
in an atmosphere of argon for 30 min. Evaporation and 
chromatography of the residue on Kieselgel (elution with 
ethyl acetate/light petroleum, 7:3) afforded a leading 
component as a gum (O.Q19 g), v^CHCl ) 1780, 1760, 
1720 sh, 1710, 1660, 1590cm" 1 , shown ( pmr spectrum) 
to be a mixture (ca 1:1) of side-chain chlorinated 
material (96) [6 1.88 (d, J 7 Hz)], together wxth minor 
epijiers. of structure (72). The majorj component was ■ a 
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single a-chlorosulphoxide (72) which gave raicrocrystals 
(ethyl acetate - diethyl ether - light petroleum) 
(0.143 g) m.p. 107-8°, (Found; C 47. O; H, 4.3; N, 
2.3; S, 5.6%. C 22 H 23 BrClNC> 7 S requires C, 47.1; H, 4.1; 
N, 2.5; S, 5.7%); v (CHC1 3 ) 17SO, 1765sh, 1725sh, 
1710, 1660, 1590cm -1 ; 6 (CDC1 3 ) 1.40 (3H, t, J 7 Hz), 
2.34 (1H, dd, J 16, 3 Hz, C4 p -H), 2.6-3.4 (5H, m) , 
3.70 (3H, s), 3.80 (1H, m, 9 Hz, C6-H) , 5.55 (1H, 

td, J 6, 3 Hz, C5-H), 5.09 (1H, s, C2^-H) , 5 . 20 and 5.40 
(2H, ABq, J 17 Hz) 5.84 ( 1H , dt , J 15, 1 Hz), 6. .90 
(1H, dt, J 15, 6 Hz), 7.56 and 7.72 (4H, AA ' BB 1 , J 8 
Hz); irradiation at the frequency of the methyl protons 
located the -SO-CH 2 -CH 3 resonance at 6 3.08. Similarly, 
irradiation at the frequency of the C5-proton located 
15 the C4 a-proton signal (6 3.21, collapsed to dd, J 16, 

3 Hz) and caused a simplification of the signal due to 
the C6-side chain methylene group centred ca 6 2.8). 
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Example 44 

p-Bromophenacyl ^-chlom-^ 



carbonvl proD-2-p n -i, vl ).?- 
heptane- 26-carhnvy i 



ethvls,n phiny1 ^ f ._ 



H H 



lO 



15 



MeO 




(27) 



SEt 



C0 2 CH 2 C0Q- Br 




C0 2 CH 2 CO< 



(74) 



(27, (0 h 12 s" b "° mOPhenaC yl ^"^P-carboxylate 
(27) (0.125 g) ln anhydrous chloroform (7 ml) was 
treated withwater ,0.005 o) (1 equiv) , pyri<Jine 
(3 equiv) and iodcbenzene dichloride (0.135 g ) (2 eouiv, 
« the manner described above (example 43). Pecovery 
and chromatography as before gave a sing!e <„pl c analysis, 
a-chlorosulphoxrde isomer (74) as a cum (O.104 o, 
(Found: C, 46.9, „, 3 .9; N , 2 . 3j s _ , ^ c 
requires C, 47.1; „, 4 .1; N, 2.5; S, S.ntf™ 
CHC1 3 ) 1780, 1740sh, 1725, 1720, 1660, 15=0 c?. 

L ( T^/" 38 <3H ' t - J7H ^' 2 -" («. «, , H, 6 

sen ^ <5H * C4P - H ' C6 " CH, 

or ;S 3 ~ 3 ; 5 br <1H - m * C6 - H) - 3 - 67 < 3H - 

^„ ^ (1H> *' 2 °- H >- 5 - 25 — 

2H, ABq, j 17 „„, 5 . 83br (M> d> J is 

(1H, dt, J 15 , 6 Hz), 7.54 and 7.72 (4H, AA 1 BB ' , J 7 Hz) 
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Examp 1 e 4 5 

p-Bromophenacyl 3-chloro-3-ethylsulphinvl-6-( 3-metho xv- 
carbQnvlprop-2-en-l-vl)-7-oxo-l-a2abicyclo|'3 > 2 .Q 



heptane-2a-carboxylate 



MeO 



H H 




H o 0/pyridine 
■»6Et z 



C0 2 CH 2 CO(, ,)Br 



H H 




C0 2 CH 2 CO 



(26) 



Mixture (76) 



lO 



15 



The ]D-bromophenacyl 3a-sulphide-2a-carboxylate 
(26) (0,114 g) in anhydrous chloroform ( 7 ml) was 
treated with water (0.005 g) (1 equiv) , pyridine (0.056 g) 
(3 equiv), and iodobenzene dichloride (0.130 g) 
(2 equiv) as described above (example 43) - ( 30 mins.). 
Recovery and chromatography as previously described 
afforded minor components (0.021 g) , consisting of 
isomers of structure (76), together with side chain- 
chlorinated material (c_f structure 96) ( nmr spectra) . 
The major product, a single C3-isomer, which proved to 
be a mixture of R and S sulphoxide epimers (76), was 
eluted as a gum (0.067 g) which foamed in vacuo and 
slowly solidified, m.p. 55-60° (Found; C, 46.9; H, 4.1; 
N, 2.6; S, 5.3%. C 22 H 23 BrClNO ? S requires; C, 47.1; H, 

4.1; N, 2.5; S, 5.7%); V ms (CHCl-)" 1775, 1720sh , 1710, 
<* max j 

1660, 1585cm ; 6(CDC1 3 ) 1.39 (3H, t, J 8 Hz), 1.78 
(2H, m) , 2.33 (1H, dd, J 16, 3 Hz, C4a-H) , 2.7 br (2H, 
m, C6-side chain CH 2 ), 2.9-3.4 ( 3H , m, C4-H + -SO-CH 2 CH 3 
3.67 (3H, s), 3.70 br (1H, C6-H) , 4.46 (1H, m, Wj 
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13 Ha, C5-H), 5.02 (1H, s, 20-H) , 5.30 br* (2H), 5. 
br(lH, d, J 15 Hz), 7.87 ( 1H , dt , J 15,6 Hz), 7.53 
and 7.69 (4H, AA *BB • , J 8 Hz). 

* 

Doubling of the resonances supports a mixture of 
R + S sulphoxides 

A single resonance indicates that the compound is 
a single C3-conf iguration . 



# 



P n o ? • 
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Example 46 

Hm-vi»-7-o m -,.„„.:,. h . ^t~^-^ 

carboxy l atoc . — 



Me0 2 C 



H H 



H H 



SEt PhlCl /H.O/ 




Me0 2 C 



2/ " 2 >, 

pyridine ' 




(77) ^ ^ 

Isomers A , B & c. 



lO 



15 



The phthalidyl 3P-sulphide-2a-carboxylate (97) 
(0.060 g) in anhydrous chloroform (3 ml) was treated 

fO C 032 S T^ WatSr ( °*°° 25 9> U P^n. 

0.032 g) (3 equiv) and iodobenzene dichloride (0.075 g) 

(2 equiv) at 0° in an atmosphere of argon for 30 mi n . 

Recovery in ethyl acetate in the manner previously 

described (example 43) gave the products, which were 

shown to be a mixture of 3 components (t.l.c. analysis). 

Chromatography on Kieselgel «230 mesh) (4 x 2.5 cm); 

(elution with ethyl acetate-li ght petroleum; 7:3) 

afforded a pure a-chlorosulphoxide of structure (77) 



(CHC1 3 ) 



(isomer A) as the major product (0.028 g) , v _ 
1785, 1775sh, 1720, 1660, 980cm" 1 ; 6 (CDC1 ^49 
(3H, t, J 8 Hz) , 2.41 (1H, dd, J 16, 2 Hz, C4 0 -H) , 

3'7 6 ";3H (2H ; 3 '° 5 - 3 ' 45 (3H ' »' -SO.CH 2 CH/ + C 4cc-H), 

' *>' 3 ' 73 br < 1H > C6-H). 4.25 2 (l5, m, C5-H) , 

5- OS (1H, s , 2 P -H). 5.82br (1H, d, J 15 Hz), 6.85 (1H, 
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dt, J 15, 6 Hz), 7.27 (1H, s), 7.5-7.9 (4H, m) . 

Further elation of the column afforded a minor 
component, Isomer B (0.009 g) , v (CHCl ) 1785, 
I775sh, 1720, 1660 and 980cm" 1 . 

Finally, a third isomer of the title compound, 
Isomer C, was obtained as a crystalline solid (ex 
chloroform-ethyl acetate-light petroleum) (0.021 g), 
m.p. 150-152°; gas evolution, (CHC1 3 ) 1790, 1775sh, 

1720, 1660 and 980cm- 1 . (Found: C, 53.4; H, 4.8; N, 
2 - 9 ' C 22 H 22 N °8 S re q"ires C, 53.3; H, 4.5; N, 2.8%). 
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Example 47 

Benzyl 6-benzvl-3-chloro-3-ethylsulphinyl-7-oxo-l- 
azabicyclofS . 2 . Olheptane-2-carboxvlate 



H H 




Ph 



SEt 



C0 2 CH 2 Ph 




C0 2 CH 2 Ph 



(98) 



(79) 



A solution of benzyl 6-benzyl— 3-ethylthio-7-oxo- 

l-a2abicyclo[3.2.o]heptane-2-carboxylatG ( 98) (0.047 g) 

in chloroform (5 ml) was treated with water (O.OOS g) , 

pyridine (0,033 g) and iodobenzene dichloride (0.082 g) 

5 at 0° under argon. The solution was concentrated 

after 2 hours and then chromatographed on silica gel 

60 (C230 mesh) eluting with ethyl acetate/60 r 80° 

petroleum ether 7:3 to give benzyl 6-benzyl-3- ethyl- 

sulphinyl-7-oxo-l-azabicyclo[3. 2 . 0]heptane— 2-carboxylat 

lO (79) (0.030 g); m.p. 118-123° .( ethyl acetate/60-80° 

petroleum ether); v (CKC1 0 ) 2980, 1775 and 1745cm" 1 ; 
^ J * max v 3' ' 

q y (CDCl 3 ) 2.6-2.9 (lOH, m, phenyls), 4.89 (2H, s, OCH 2 ) 
4.98 (1H, s, C2-H) , 5.92 (1H, ddd J 8, 3 and 2 Hz, 
C5-H), 6.26 (1H, ddd J 9, 6 and 3 Hz, C6-H) , 6.6-7.3 
15 (5H, m, C4-H, C8-H 2 , SCH 2 ) , 7.72 (1H, dd J 15 and 2 

Hz, C4-H) and 8.68 (3H, t J 7% Hz, CH«). 
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Example 48 

Benzyl 3-chl 0 ro-tra nS -6-fl-hvdrnv Y Pth Y n. 7 . oxn ,,. r hen „ 1 



sulphinyl-l-azabicvclor^2.0lhPnt a n a - 2 . carboxv1at 



OH 



H H 




SPh 



C0 2 CH 2 Ph 



Me 




C0 2 CH 2 Ph 



(99) and (lOO) 



(81) 



The 2:1 mixture of diastereoisomers of benzyl 

trans-6-(l-h y droxyethyl)-7-oxo-3-phenylthio-l-azabicyclo 
[3.2.o]heptane-2a-carboxylate (99) and (lOO) (0.047 g) 
was dissolved in chloroform (4 ml) and stirred in an" 
ice bath under argon. It was treated with water 
(0.OO5 g), pyridine (0.038 g) and then iodobenzene 
dichloride (0.097 g) . After a period of 2 hours the 
solution was concentrated and applied to a column of 
silica gel 60 (^.230 mesh). Elution with ethyl acetate/ 
60-80° petroleum ether 7:3 gave benzyl 3-chloro-trans- 

6-(l-hydroxyethyl)-7-oxo-3-phenylsulphinyl-l-azabicyclo 
[3.2.0]heptane-2-carboxylate (81) (0.015 g); m.p. 
154-159° (chloroform/60-80 0 petroleum ether); v 
(CHC1 3 ) 3480, 2980, 1780, and 1745cm" 1 ; 'f(CDCl^) 
2.3-2.9 (lOH, m, phenyls), 4.75 (2H, s, benzyl CH ) 
4.95 (1H, s, C2-H), 5.7-6.1 (2H, m, C5-H and C8-H), 
6.58 (1H, dd J5 and 3Hz, C6-H) , 7.08 (1H, dd J 15 and 
9 Hz, C4-H), 8.13 (1H, brs , OH), 8.23 (1H, brd J 15 
Hz, C4-H) and 8.72 (3H, d J 6 Hz, CH 3 ); (Found: C, 
58.9; H, 4.7; N, 3.2%. C 22 H 22 ClNO,-S requires C, 59. 0; 
H, 5.0 and N, 3.1%) . 



max 
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Example 49 

Benzyl 3-chloro-3-ethvlsulphinyl-6- f 2-hvdroxy-2-Dropvl ) ■ 
7-oxo-.l-.azabicvclor3.2.o1heptane-2a-carboxvlate 



OH 



Me 
M 



O 



N 




SEt 



C0 2 CH 2 Ph 



(lOl) and (102) 



Me 



OH 



Jh H 




C0 2 CH 2 Ph 



(83) 



lO 



15 



The 3:1 mixture of isomers of benzyl 3-ethylthio- 
trans-6- ( 2-hydroxy-2-propyl ) -7-oxo-l-azabicyclo [ 3 . 2 . 0 ]- 
heptane-2a-carboxylate (lOl) and (102) (0.040.g) was 
dissolved in chloroform (3 ml) and stirred at 0° 
under argon. It was treated with water (0.004 g) , 
pyridine (0.026 g) and then iodobenzene dichloride 
(0.061 g). After a period of 2 hours the solution was 
concentrated and applied to a column of silica gel 
60 (^-230 mesh). Elution with ethyl acetat e/60-80° 
petroleum ether 4:1 gave benzyl 3-chloro-3-ethylsulphinyl- 
trans-6- ( 2-hydroxy-2-propyl ) -7-oxo- 1-azabicyclo [ 3 . 2 . 0 ]- 
heptane-2a-carboxylate (83) (0.031 g) as a gum; V f 
(CHC1 3 ) 3450, 2980, 1775 and 1750sh cm" 1 ; Y( CDC1 3 ) 
2.71 (5H, s, phenyl), 4.88 (2H, s, benzyl CH 2 ) , 4.97 
(1H, s, C2-H), 5.73 (1H, ddd J 8, 3 and 1Hz, C5-H) , 6.51 
(1H, d J 3 Hz, C6-H), 6.7-7.3 (2H, m, SCH 2 ) 6.92 ( 1H , 
dd J 15 and 8 Hz, C4-H) , 7.64 (1H, dd J 15 and 1Hz , 
C4-H), 7.97 (1H, brs, OH), 8.62 ( 3H , s, CH 3 ) f 8.66 ( 3H 
t J 7 Hz, CH 3 of SEt) and 8.69 ( 3H , s, CH 3 ). 



max 
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Example 5Q 

Benz yl 3-chloro-3-ethylsulphinvl-trans-6-f 2-hvdroxv-2- 
propyl)-7-oxo-l- a2 abicvclor3. 2 .0lheptane-2S-carbox Y lat t > 




(103) 



in. SEt 



C °2 CH 2 Ph 



OH 




(85) 



C0 2 CH 2 Ph 



10 



15 



A solution of benzyl 3-ethylthio-trans-6- ( 2- 
hydroxy-2-propyl)-7-oxo-l-azabicyclo[3.2.o]heptane- 
2j3-carboxylate (103) (0.030 g) in chloroform ( 2 ml ) 
was cooled to 0° under argon and treated with water 
(0.003 g), pyridine (0.020 g) and iodobenzene dichloride 
(0.046 g). It was stirred for 2 hours and then con- 
centrated to give a residue which was chromatographed 
on silica gel 60 (<230 mesh) eluting with ethyl acetate. 
This gave benzyl 3-chloro-3-ethylsulphinyl- t rans-6- 
( 2-hydroxy-2-propyl )-7-oxo-l-azabicyclo[3. 2 .ojheptane- 



20-carboxylate (85) (0.015 g) as a gum; 



3450, 2980, 1775 and 1740cm" 1 ; •Y(CDC1 3 ) 2.69*(5H, s 
phenyl), 4.74 and 4.89 (2H, ABq J 12 Hz , benzyl CH 2 ) , 
5.60 (1H, s, C2-H), 5.76 (1H, ddd J 9, 5 and 2h Hz, 
C5-H), 6.82 (1H, d J Hz, C6-H) , 6.7-7.3 (2H, m, SCH 2 ) , 
7.34 (1H, dd J 13 and 9 Hz, C4-H) , 7.71 (1H, dd J 13 
and 5 Hz, C4-H), 8.22 (1H, brs , OH), 8.60 (3H, s, CH 3 ), 
8.66 (3H, t J 7lg Hz, CH 3 of SEt) and 8.70 (3H, s, CH 3 ) . 



CCHC1 3 ) 
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ExampJe 51 

Benzyl 3-chloro-3-ethvlsulphinyl-cis-6- ( 2-hvdroxv-2- 
propvl)-7-oxo-l-a2abicvclo[3.2,0lheptane-2-carboxvlate 



Me 



Me 



OH 




SEt 



C0 2 CH 2 Ph 



OH 



Me 



Me 



/ H H 



O 




C0 2 CH 2 Ph 



(104) 



(87) 



IO 



15 



20 



Benzyl 3-ethylthio-cis-6-( 2-hydroxy-2-propyl )- 
7-oxo-l-azabicyclo [3.2 . 0]heptane-2-carboxylate ( 104) 
(0.040 g) was dissolved in chloroform (3 ml) and stirred 
in an ice bath under argon. It was treated successively 
with water (0.004 g), pyridine (0*026 g) and iodobenzene, 
dichloride (0.061 g). After a period of 1 hour the 
solution was concentrated and applied to a column of 
silica gel 60 (<230 mesh) and eluted with ethyl acetate/ 
60-80° petroleum ether 7:3. The second compound to be 
eluted was benzyl 3-chloro-3-ethylsulphinyl-cis-6- 
( 2-hydroxy-2-propyl)-7-oxo-l-a2abicyclo[3. 2.0]heptane- 
2-carboxylate (87) (0.015 g) ; m.p. 137-143°dec (ethyl 

acetate/60-80 O petroleum ether); v (CHCl^) 3460 
_i ' max v 3 

and 1770cm ; T(CDC1 3 ) 2.71 (5H, s, phenyl), 4.85 ( 2H , 
s, benzyl CH 2 ) , 4.89 (1H, s, C2-H) , 5 . 72 ( 1H , d*t J 8 
and 5 Hz, C5-H) , 6.01 (1H, dd J 13 and 8 Hz, C4-H), 
6.53 (1H, d J 5 Hz, C6-H), 7.14 (2H, q J 7% Hz, SCH 2 ), 

7.55 (1H, dd J 13 and 5 Hz, C4-H) , 7.95 ( 1H , s, OH), 

8.56 (3H, s, CH 3 ), 8.70 (3H, t J 7h Hz, CH 3 of SEt) 
and 8.81 (3H, s, CH 3 ). 
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Example 52 

P-Nitrobenzyl 3-et hvl t hio-7-oxo- 1-azabicvclo \ 3 . 2 . 0 1 
hoptane-2-carboxylate 




(90) 

Method (i) - not isolating intermediate (106) 

A stirred suspension of the phosphorane ( 105 ) 
(1.066 g) in ethyl acetate ( lOO ml) under argon at 
ambient temperature was treated with trifluoroacetic 
acid (3.08 ml). The clear solution obtained was cooled 
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(-70 ) and treated with ozonised oxygen until pale blue. 
Argon was passed through to remove excess ozone and then 
a solution of t riphenylphosphine (575 rhg) in ethyl 
acetate (lOml) was added. 

After lO minutes below -50° the reaction vessel 
was transferred to an ice-bath. When the internal 
temperature reached -10°, a saturated aqueous solution 
of sodium bicarbonate ( lOO ml) was added. After 
vigorous agitation for 15 minutes below 5°, the organic 
phase was separated washed with brine, dried over 
magnesium sulphate , filtered and stood at ambient temp- 
erature for 1.5 hrs. The solution, shown by t.l.c." 
to contain mainly the intermediate bicyclic compound 
(106) along with triphenylphosphine oxide, was evaporate 
to dryness and the residue immediately taken up in 
dry dimethylf ormamide (5 ml)* The stirred solution 
was treated at ambient temperature with ethanethiol 
(0.15 ml), followed by powdered potassium carbonate 
(0,027 g). After 1.5 hours the red reaction mixture was 
diluted with ethyl acetate (lOO ml), washed with water 
then brine, dried over magnesium sulphate, filtered and 
evaporated. The crude material was chromatographed on 
silica gel 60 (<230 mesh) eluting with 60-80° petroleum 
ether/eThyl acetate mixtures to give the three isomers . 
(89), (197) and (90). 

The first product (89) (0.147 g) was obtained as 
white crystals from ethyl acetate/60-80 0 petroleum 
ether m.p. 79-80.5°* v (CHC1-) 1765, 1755 (shoulder), 
1522, 1350crn ; 6 ppm (CDC1 3 ) 1.23 (3H, t, J 7Hz , CH 3 ) , 
2. 20 (2H, dd, J 8, 6.5 Hz C4-H) 2.56 (2H, q, J 7Hz, 
CH 2 CH 3 ), 2.75 (1H, dd, J 16, 2Hz, C6-H) , 3.38 (1H, 
dd, J 16, 5Hz, C6-H), 3.62 (1H, t d, J8, 6 . 5Hz , C3-H) , 
3.96-4.25 (1H, m, C5-H) , 4.78 (1H, d, J6.5 Hz, C2-H), 
5.25 (2H, s, CH 2 Ar), 7.51 (2H, d, J 7 . 5Hz , Ar), 8.17 
(2H, d, J7.5 Hz, Ar). (Found; C, 55. OO, H, 5.26, N. 7.81 



r? P0?5.<4 
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C 16 H 18 K 2°5 S requires C, 54.86; H, 5.14, N, 8. GOT.) 

The second product (107) (0.084 g) was obtained 
as a gum; V max (CHCl 3 ) 1760, 1750, 1520, 1325c," 1 - 
6 EB* (CDC1 3 , 1-21 (3H, tf J7-Hz), 1.63 (1H, ddd' J13 
*. BH 2 , C4-H), 2.35-2,90 [4H, including 2 . 6 ^ q ' 

"2 o 2 ;^ 2 "^' r 7 (1H * dd « ji6 — — ) p^-h] 

pattern, C3 and C5-H\ *i / i T , , 

4 ' 3 - ( iH . <J, J6H2, C2-H) 5 2* 
2H, s, CH.Ar), 7 J7 | -u rf , OLJ 

requires M at 350.0930,. 18 - 5 

The third product ( 90) (0.090 g) was obtained as 
wh«. crystalline plates ft „, ether, which „ ere re _ 

: 7 ry ^ a ' liSe ^ fr ° m " hyl «««./p.trol.u„ ether -.p. 

CD-I 3 ) 1.21 (3H, t, J 7Hz, CH 3 ), 1. 91 ( 1H , d dd , J12 
2 lOH., C4-H,, 2.30 (IH, dddf J12> 6 , 6Hz , C4 ! H) ^' 

Itu • CUzC "* U ^ <1H ' dd ' J "- »*• 

<1H ' dd ' J16 ' ««. C6-H), 3.50-3.85 <2H, 
complex pattern, C3-H and CS-H, , 4 . 14 (1H , d , J7 J ' 

C--H) ,.26 <2H, s, CH 2 Ar), 7.52 (2H, d, JBH„ Ar) , 
8.14 (2H, d . J 3Hz , Ar) .. (Found; . c> ^ ■ 

25 . Method Mi) frum ,„„ , , t .j ( Hv ; 

To a stirred suspension of E -ni t roben.yl 7-oxo- 
l-«^cyc 1 o[3.2.o]h.pt- 2 ..„^ 2 . c . rboxyl . t . (lc 

preparec as in (i, but isolated fcy cnroma hy / 9 ' ' 

dry dimethylformanide ( lO ml) at AmH-i + * 
30 ^- ^ x. 1 j at ambient temperature was 

30 adaed ethanethiol (O 29 ml) -fr,n« ^ w 

^.^y mi;, followed by potassium 
carbonate (0.055 a) Th a c+-. 

V g;. The starting material (106) 

immediately dissoived. After stirring the orange mixture 

for .o u „,. a further 2 drops of ethanethiol were added. 

After 10 mrns. the reaction mixture was diluted with 

ethyl acetate (200 m!). Work up and chromatography as in 

(a) gave (89,(0.681 B , . (107,(0.0789) and (9O)(O.362 0 ) 
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Example 53 

Benzyl 3-( 2-acetamidoethylthio ) -7-oxo-l-azabicyclo 
[3 , 2 f Qlheptane-2-carboxylate 




A solution of 4-allyl-l- ( 1-benzyloxycarbonyl-l- 
triphenylphosphoranylidenemethyl ) azetidine-2-one ( 37 ) 
(l.OO g) in ethyl acetate ( 70 ml) was treated with 
trifluoroacetic acid ( 3 ml ) and then cooled to -78°. 
5 Ozone was passed through the solution until it just 

became blue and the excess of ozone was .removed by bubbling 

argon through. An ethylacetate solution of triphenyl- 

BNSDOCIO: <EP_0002S64A1 J_> 



1C 



- Iu7 _ 



phosphine (O.M g ) was then added, and the flask was 
transferred to an ice bath after 30 mins. The 
reaction mixture was neutralized by addition of saturated 
aqueous sodium bicarbonate ( 90ml ) with vigorous stirring. 
After 30 mins the organic phase was separated and dried 
over sodium sulphate. The solvent was then stripped 
off and the residue dissolved in dry dimethyl* ormamide . 
This solution was treated with 2-acetamidoethanethiol 
(0.30 g) and potassium carbonate (0.13 g) . It was 
stirred at roorr : temperature for hours and then 

concentrated under high vacuum. The residue was partitioned 
between ethyl acetate and brine and the ethyl acetate 
solution was separated, dried over sodium sulphate, and 
then concentrated. The residue was chromatography 
15 on Silica gel 60 «230 mesh) eluting with ethyl . acetate 

grading to ethyl acetate/ethanol 19:1 to give two 
isomers of benzyl 3- ( 2-acetamidoethyl thio ) -7-oxo-l- 
aiebicyclo[3.2.o]heptane-2-carboxylate ( 108 ) and (91). 
The least polar isomer was the 2a, 3<x-compound (106) 
20 (G.25 c): v (CHCi 3 ) 3480, 3000, 1765, 1745sh, 1670 

ana 1520cm ^Y^DCl^ 2.71 ( 5H , s , phenyl ) , 3.78 
( 1H , br, NH ) , 4 . 87 ( 2H , s , benzyl CH 2 ) , 5.66 ( 1H , d 
J5Hz, C2-H), 6.0-6.4 ( 1H , m, C5-H), 6.6-6.9 (3H, m, 
NCH 2 and C6-H), 7.1-7.6 (5H, m, SCH 2 , C6-H, C4-H and 
25 C3-H), 8.10 (3H, s, COCK 3 ) and 8.41 (1H, dt J13 and 7Hz, 

C4-H). The more polar isomer was the 2a , 3p-compound 
(91) (0.055 g); ^^3460, 3COO, 1765, 1745sh, 1665 and 
1515cm ; T(CDC1 3 ) 2.71 (5H, s, phenyl), 3 . SO (1H, br , 
NH), 4.86 (2H, s, benzyl CH 2 ) , 5 . 30 (1H, d J7Kz, C2-H), 
30 5 ' 97 < 1H ' 3 d J5 and 235Hz, C5-H), 6.43 ( 1H , broadened q 

J 8H2, C3-H), 6.5-6.8 (3H, m, NCH 2 and C6-H), 7.1-7.5 
(3K, m, SCH 2 and C6-H), 7.84 (2H, dd J8 and 5Hz, C4-H., ) 
and 8.10 (3H, s, COCH 3 ) . 
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Example 5 4 

Preparation of p-ni trobenzyl 3- (2-acetamidoethylthio) - 
7-oxo-l-azabicyclo [3.2 . Olheptane-2-carboxylate 



H 




To £-nitrobenzyl 7-oxo-l-azabicyclo [ 3 . 2 . 0] hept- 
2-ene-2-carboxylate (106) (284 mg) under argon, was 
added with stirring 2-acetamidoethanethiol (131 mg) in 
dry dimethylformamide. A clear yellow solution was 
obtained to which was added powdered potassium carbonate 
(7 mg) . After stirring at ambient temperature for 45 
minutes, to the by now red reaction mixture, was added 
further thiol (26 mg) and potassium carbonate (7 mg) . 
After a total of 1 hour the reaction solution was reduce 



r* - n ? ^ _i 
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in volume by evaporation and was then diluted with ethyl 
acc-tate (100 ml) washed with water, then brine, dried 
over magnesium sulphate, filtered and evaporated. Chrom- 
atography of the residual gum on silica gel (<2 30 mesh) 
5 (20 g) eluting with ethyl acetate followed by 10% 

ethanol in ethyl acetate gave the three products (109) 
(110) and (111) . 

The first fractions obtained gave a gum 

v'l£3 mg) shown by n.m.r. to be a mixture of the C-2a 

10 isomers (109) and (llo) in the ratio 2:1. These 

compounds could be separated by re chromatography on 

silica gel eluting with chlorof orm/ethanol mixtures. 

The 2 a , 3aisomer (109) was obtained as a aum; v 

' max 

(CHC1 3 ) 1768, 1755 (shoulder), 1675, 1522, 1345cm ~; 

15 6££m (CDC1 3 ) 1.65(1K, ddd J 13, 8.5 and 7.5Hz, C4-H), 
1.9S(3H, s, CH ) , 2.50-3.lO[4H, including 2.69 and 
2.75(2K, 2t's, J 6Hz, side chain CHj) , 2.8.K1K, dd , 
J 16 arid 2Kz, C6-K) with a C4-H obscured] 3.28-3.52 
(3K, overlapping m's side-chain CH 2 and C6-H) , 3.70- 

2C 4.0i(2H, overlapping m f s C3-H and C5-H) , 4.39(1H, d, 
J 6Hz, C2-K) , 5.29 (2H, s, benzyl CH 2 ) 6. 12 (IK, broad 
signal, KK) , 7.53(2H, d, J 8.5Hz, Ar) , 8.21(2H, d, 
J 8 . 5Kz , Ar ) . 

The 2 a , 3gisomer (110) was also obtained as a 

25 gum; v x (CHC1 3 ) 1775, 1758 (shoulder ) , 1678 , 1522 , 

1350cm~ ; 6 ppm (CDCI3) 1.95(3H, s, CK 3 ) , 2.20(2H, dd , 
J 8.5 and 6.5Hz, C4-K f s), 2.69 and 2.72(2H, 2t's, J 
6H2, side chain CH 2 ), 2.76(lH,dd, J 16 and 2 . 5Hz , 
C6-K) ,- 3.2-3. 8[4H, comprising 3.33(2H, t, J 6Hz , side 

30 chain CH 2 ), 3.65QH, td , J 8.5 and 6.5Hz, C3-H) and 

an obscured C6-H], 3 . 93-4 . 20 ( 1H , m, C5-H) , 4.78(1H, d, 
J 6.5Hz, C2-H) , 5.27(2H, s, benzyl CH 2 ), 6.03(lH, broad 
signal, NH) , 7.54(2H, d, J 8.5Hz, Ar) , 8.21(2H, d, 
J 8 . 5Hz , ?.r) . 

3:< The next fractions from the first column, 
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contained a mixture of isomers (109) , (110) and (111) 
tt.l.c. analysis] as a gum {36 mg) and further elution 
with 10% ethanol in ethyl acetate gave the 2B, 3a-isomer 
(111) contaminated with more polar material (t.l.c. 
5 analysis, 10% ethanol in chloroform), as a gum (71 mg) . 
Rechromatography on silica gel K230 mesh) eluting with 
chloroform/ethanol mixtures gave (111) as a gum v max 
(CHC1 3 ) 1770, 1745, 1675, 1522, 1350cm" 1 ; 5 ppm (CDC1 3 > 
1.89 (1H, ddd, J 12,12 and lOHz , C4-H) , 1.96 (3H, s, CH 3 ) 

10 2.34 (1H, ddd, J 12, 6 and 6Hz, C4-H) , 2.69(2H, td, J 

6 and 3Hz, side-chain CH 2 ) , 2 . 77 ( 1H , dd,. J 16 and 3Hz , 
C6-H) , 3.13(1H, dd, J 16 and 4 . 5Hz , C6-H) , 3.33(2H, t, 
J 6Hz, side-chain CH 2 ) , 3. 60-3 . 89 (2H , overlapping m 1 s 
C3-H and C5-H) 4.16(1H, d, J 7Hz, C2-H) , 5.29(2H, s, 

15 benzyl CH 2 ) , 6.07(1H, broad signal, NH) , 7.57(2H,. d, 
J 8.5Ez, Ar) , 8.20(2H, d, J 8.5Hz, Ar) . 
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Example v.-T. 



Preparation of p-n i t roben? vl 3-( ,• * r obenzvlo.vv- 

carbonvl - ami no ethvlt hio) -7-oxo-l-a 2ahi ipf 3, 2 .Ol 
heptane -2-carhnwiate 




H 




NHCO 



2 c ' A 2 (oy n ° 



C0 2 CH 2 



NO, 



(112) 



7 ^ 



N 




CO^CH 



(106) 



2 -<o>- 2 ° 



M., S 



CQ 2 CH 2 



<2> 



KHC0 2 CH 2<(0> T0 2 



(113) 




in* 




NHC0 2 CH 2 (0) NO a 
CQ 2 CH 2 / q\ no 



(114) 
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To a stirred suspension of £-nit robenzyl-7-oxo- 
l-azabicyclo[3. 2 ,0]hept-2-ene-2-carboxylate ( 106 ) 
(576 mg) in dry dimethyl formamide (5 ml) at ambient 
temperature was added £- nitrobenzyloxycarbonylamino- 
ethanethiol (512 mg) followed by powdered potassium 
carbonate (27.6 mg) . Stirring was continued and the 
starting material ( 106 ) dissolved. A further 43 mg 
of the thiol was added after 30 minutes and after a 
total of 40 minutes the orange solution was diluted 
with ethyl acetate, washed with water then brine, 
dried over magnesium sulphate, filtered and evaporated. 
The crude material was chromatographed on silica gel 
60 (A230 mesh) ( 30 g) , eluting with 50-70% ethyl acetate 
in 60-80° petroleum ether to give the three isomers 
(112), (113) and (114). 

The first fractions obtained gave a gum (765 mg) 
shown by n.m.r. to be a mixture of the C-2 a isomers 
(112) and (113) in the ratio 5:7; v (CHC1 Q ) 3460, 
1770, 1730, 1520, 1350cm ; 6 pom (CDC1 3 ) 1.47-2.91 
(5H, C4-CH 2 , side-chain CH 2 , C6^H) , 2.19-4.21 (5H, 
side-chain CH 2 , C6-H, C5-H, C3-H), 4.39 [7/12 H, d, 
J 6Hz, C2-H of (113)], 4.79 [5/l2 H, d, J 7 Hz , C2-H 
of (112)], 5.18 and 5.27 (4H, 2 singlets, benzyl CH 2 «s, 
obscurring 1H, NH) , 7.40-7.60 (4H, Ar), 8.15 and 8.18. 
(4H, 2 doublets J 8 Hz, Ar) . 

The third, more polar product (114) was obtained 
as a foam (180 mg); v (CHC1_) 3460, 1770, 1740, 1730, 
1520, 1350 cm ; 6 ppm (CDC1 3 ) 1.89 ( 1H , ddd, J 12, 
12 and 9.5 Hz, C4-H), 2.32 (1H, ddd, J 12, 6 and 6 Hz, 
C4-H), 2.72 (2H, t, J 6 Hz, side-chain CH 2 ) , 2.80 
(1H, dd, J 16 and 3 Hz, C6-H) , 3.13 ( 1H , dd , J 16 and 
4.5 Hz, C6-H), 3.31 (2H, t , J 6 Hz , side-chain CH 2 ), 
3.57-3.87 (2H, m, C3-H and C5-H) , 4.16 ( 1H , d, J 7.5 
Hz, C2-H), 5.19 and 5.30 (4H, 2 singlets, benzyl CH 2 »s) 
obscurring 1H, NH, 7.48, 7.56, 8.17 and 8.18 ( 8H , 4 dou'ii. 
J 8 Hz, Ar ) . 



/^jJ-2 rpxc-3- ^2- trirvla^lnoethvlthio) -.i-p^k. „„o ^ 

l.-LL.'iiO. jneptane-2 -carboxv late 



H 



I 

t 



\ 




(115) CQ r CU 2 ?h 



H 



C 



K 



r \ ^ 

-r' V 

V 

(1171 C0 2 CH ^ 



K 

KCPh. 



A solution of benzyl 7-oxo-l- £Za bicyclo- 
-• • - .--T.-pt-2-ene-2-=arbo>:yiate (13) (O.C75 a) ind-v 
dinethyircrmasaidc (2 rr,].} was treated with 2-^1^1^: no- 
ernsncthiol (0.200 g) and potassium carbonate (0.021 c) 
7,153 re5Cri ° n Vas ^rred at room temperature for 20 hours, 
anc tr.c solvent was then distilled off in vacuo . The 
residue was partitioned between ethyl acetate and brire 
* Ra the £€?2rated organic phase was dried over sodium 
suxphate and concentrated. It was chromatographed on 
silica gel 6o, elutmg with ethyl acetate/60-8o° petro- 
led ether 7:3 grading to 6:4. This gave three isomers 
or -r:yl 7-oxc- 3- ( 2-tri tylaminoethyithio) -l-azabicy clo 
I J. 2.0} heptane-2-carboxylate which are described below 
ir: ir.creasir.g order of polarity. The 2a, 3£-isomer 



1115 
17 7C 



i'C.G-1 



c} showed 



'45 and 1600 



_^.ax (CHC1 3 ) 3 020, 2S40, 2850, 
err. ; r(CDCl 3 ) 2.4-3.0C2OK, m, 



phenyls). 4.9DJ2K, s, benzyl CH 2 ) , 5 . 3S ( IK , d, 



J 6Kz, 
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C2-H) , 5.8-6. 1(1H, m, C5-H) , 6.69(1H, td, J9 and 6Hz, 
C3-H) , 6.71 (1H, dd, J16 and 4Hz, C6-H) , 7.36(1H, dd J16 
and 2^Hz, C6-H) , 7.3-7.8(4H, m, SCH 2 CH 2 N) , 7.8-8.K2H, 
m, C4-H 2 ) and 8.13(1H, br s, NH) . The 2a, 3a-isomer 

(116) (0.017 g) showed v max (CHC1 3 ) 3000, 2860, 1775, 
1745 and 1600cm" 1 ; Y (CDC1 3 ) 2.3-3. 2(20H, m, phenyl), 
4.91(2H, s, benzyl CH 2 ), 5.69QH, d, J6Hz , C2-H) , 6.1- 
6.4(1H, m, C5-H) , 6.52(1H, dt J8 and 6Hz, C3-H) , 6.76(1H, 
dd J 15 and 4%Hz, C6-H) , 7.32 (1H, dd J15 and 2Hz, C6-H) , 
7.3-7.8(5H, m, SCH 2 CH 2 N and C4-H) , 8.lO(lH, br s, NH) 
and 8.53(1H, ddd J13, 8 and 7Hz , C4-H) ; (M + at m/e 

562. C 35 H 34 N 2°3 S requires 562). The 26, 3ct-isomer 

(117) (0.04O g) showed v (CHC1 ) 3010, 2860, 1775, 

_ max j 

1745 and 16 OO cm ; Y (CDC1 3 ) 2.4-3.0(20H, m, phenyls), 
4.87(2H, s, benzyl CH 2 ), 6.07(1H, d J7Hz, C2-H) , 6.3-6.6 
(1H m, C5-H) , 6.66(1H, ddd J13, 7 and 5Hz , C3-H) , 6.93 
(1H, dd J16 and 4Hz , C6-H) , 7.24(1H, dd J16 and 2%Hz, 
C6-H) , 7.3-7.8(4H m, SCH 2 CH 2 N) and 7.8-8.4(3H, m, C4-H 2 
and NH) ,- (M at m/e 562. C 35 H 3 4 N 2 0 3 S requires 562). 
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Ex allele 



eth ylthi.o;-^ o > : 0 ^ 1 , a2abicvclQr 3 j2 ^ o1hp ^ f ^^ -^b^v 1 a t < 



H 



■NHCPh. 



C0 2 CH 2 0-NQ 2 

(IIS) 



\ 



\ 



NKCPh . 



(119) 



C0 2 CK 2 <CV-NS 2 




N 



,, V ^S -v^ NHCPh 



C0 2 CH 



H 2 <C>- 



MO. 



(120) 



To £-nitrohenzyl 7-oxo-l-azabicyclo [ 3 . 2 . O] hept-2- 
ene-2-carboxylate (106) (4 50 mg) was added with stirrir. ? 
unoer an argon atir.csphere , a solution of triphenyl- 
• inethyiaminoethanethiol (1.02 g) in dry dimethy If ormamide 
(4.3 ir.l) followed by powdered potassium carbonate '(21 mg) . 
Stirring was continued at ambient temperature and the 
starting naterial (106) gradually dissolved over an hour 
to give a red-orange solution. After 3.5 hours a further 
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0.12 g of the thiol in dry dimethyl formamide (0,5 ml) 
was added. After a total of 4.5 hours the volume of the 
solution was reduced by evaporation and the residue was 
taken up in ethyl acetate, washed with water, then 
5 brine, dried over magnesium sulphate, filtered and 

evaporated. The residual oil was taken up in toluene 
and chromatographed on silica gel (<230 mesh). Elution 
with 30% ethyl acetate in petroleum ether (60-80°) almost 
completely separated the three products (118) (119) and 
10 (120). 

The first fractions contained the 2a r 3£-isomer 

(118) as a gum (275 mg) which crystallised from ethyl 

acetate/petroleum ether (60-80°) to give rectangular 

plates m.p. 81-7°; v av (CHC1-) 1765m 1750, 1522, 1350- 
-j max ^ 

15 cm ; 6 ppm (CDCl 3 ) 1.95QH, s, NH) , 2.08(2H, dd, J 8 
and 6Hz, C4-H 2 >, 2.33(2H, t, J6Hz, side-chain CH 2 ), 
2.56-2.80(3H, m, side chain CH 2 and C6-H) , 3.20-3.51 
[2H, including 63.32(1H, dd J 16 and 5Hz, C6-H) + C3-H] , 
3.93-4. 16 (1H, m, C5-H) , 4.66(1H, d, J 7Hz, C2-H) , 5.18 

20 (2H, s, benzyl CH 2 > , 7.05-7. 50 (17H , m, Ar) , 8.12(2H, 

d, J8Hz, Ar) , (Found: C, 69.21; H, 5.80; N, 6.65%. 
C 35 H 33 N 3 O s S requires C, 69.19; H, 5.44; N, 6.92%). 

Further elution gave 54 mg of (118) contaminated 
by a trace of (119) followed by 28 mg of a 1:1 mixture of 

25 (118) and (119) [t. I.e. analysis] and then 130 mg of the 
2a, 3a-isomer (119) as a gum. v max (CHC1 3 ) 1768, 1750 
1522, 1345 cm" 1 . 6ppm (CDCl 3 ) 1.50(1H, ddd, J 12, 9.5 
and 8Hz, C4-H) , 1.85 (1H, centre broad signal, NH) , 2.33 
(2H, t, J6Hz, side chain CH 2 ) - obscuring IC4-H, 2.69 

30 (2H, t, J6Hz , side-chain CH 2 ), 2.70(1H, dd, J 16 and 2.5 
Hz, C6-H) , 3.27(1H, dd , J 16 and 4.5 Hz, C6-H) , 3.43- 
3.90(2H, two multiplets, C3 and C5-H's), 4.3K1H, d, 
J 6.5Hz, C2-H) , 5.18(2H, s, benzyl CH 2 ) , 7 . 10-7 . 50 (17H , 
Ar), 8.14(2H, d, J 8Hz , Ar) . 
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A fraction containing a mixture of (119) and 
U20> (i9 ^ was then obtained followed by the ->e 
isomer (120) as a foam (411 mg); v (CHC1 i 176s' 

A - a2 ' lj45cn * 5 EE* (CDCl,) 1.70-2.90[8* 
including 2.32(2H r t, j 6Hz, side cn'ain CH_), 2 67 (2H 
t, J 6Kz, side chain CH^, 2.7S(1h, dd# and 2 , 5Hz [ 

C6-H), obscuring C^-H. and NH ] 3.08UH, dd , J 16 and 
«.:> Hz, C6-K), 3.18-3.70(2H, overlapping m's, C3-E and 
C :j i} [ 3 * 55<1K ' d ' J 7 - 5Hz ' C2-H) , 5.12 and S.30(2K, 

- 2' ' ' • ' - r>4 (1 /h, Ar) , 8.I3(2K, 

c , j 8 H z . - v i 



p r '- r ' "' z f . 
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Example 58 

Benzyl 3-p-acetamidoohenvlthi o -7-oxo-l-azabicyclo 
[3.2 .Q]heptane-2-carboxylate 



H 



C0 2 CH 2 Ph 




C0 2 CH 2 Ph 



(92) 



(93) 



(MM S 




C0 2 CH 2 Ph 



H 

NCOMe 



10 



15 



A solution of benzyl 7-oxo-l-azabicyclo [3 . 2 . O] 
hept-2-ene-3-carboxylate (13) (0.700 g) in dry dimethyl- 
formaiuide (5 ml) was treated with p-acetamidophenylthiol 
(0.480 g) and powdered potassium carbonate (O. 199 g) 
The reaction mixture was stirred at room temperature for 
1 hour and the solvent was then removed under reduced ■ 
pressure at <30°. The residue was partitioned between 
ethyl acetate and brine and the organic phase was 
separated, dried over sodium sulphate and then concentre- .ed. 
This was then chromatographed on silica gel 60 «230 mei.O 
eluting with ethvl acetate/60-80° petroleum ether 7:3 
grading to l:O f in order to separate the three isomers 
of benzyl 3-p-acetamidopheny lthio-7-oxo-l-azabicyclo- 
[3.2.0]heptane-2-carboxylate. The first compound to^be 
eluted was the 2a 



3a-isomer (121) (0.109 g) ; v max (CHC 
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3470, 3350, 3O00, 3 770, 1745, 1690, 1590 and iSOOcm" 1 ; 

(CDC1 3 ) 2.05 (IK, br s, NH), 2.4-3.00K, rr. . phenyls), 
4.94 (2H, s, benzyl CH 2 ), 5.63(1H, d, J 5Hz , C2-H) , 5.9- 
6.2 (2H, m, C3-H and C5-H) , 6.70(1K, dd J16 and 5Hz, C6-H) , 
5 7.19 (IK, dd, JIG and 2>;Hz, C6-H) , 7. 47 (IK, dt J14 and 

7K2, C4-H) , 7.90(3K, s, COCH 3 ) and S.3K1K, dt J14 and 7Hz , 
C4-K) ; (K + at m/e 410.1301. C 2 2 H 22 N 2°4 S rec 2 uire s 41C. 
1298). The next fractions contained the 2a, 3 S- isomer 
(92) (0.2SO g) • (CHC1 3 ) 3470, 3000, 1770, 1750 sh, 

1C 1695 , 1590 and 1500 err" 1 ; Y (CDC1 ) 2.18(1H, br s, NH) , 
2.5-2.6(3E, m, phenyls), 4.83(2E, s, benzyl CK_), 5.29 
(1H, c! J 7Hz, C2-K) , 5.8-6.0UH, m , C5-H), 6.14 (IK, tc 

7H1-, C3-H) , 6.6S(1H, dd J16 and 5^Kz, C6-K) , 7.31 



en:; 



(1H, dd J16 and 2«Hz, C6-K) .. 7.6-8. 1 (2H, n, C4-H 2 ) and 

lr> 7.S9 (3H, s, COCK,); at. m/e 410. 1290. C„H.. N O S 

2z ^ z 2 4 

requires 410.129S). The final compound tc be elutec 
was the 2£, 3c-isomer (93) (0.334 g) ; m.p. 171-4°. 

(acetcne/60-S0° petroleum ether) ; v (CKCi ) 34 70 

max 3 -, ' 

3350, 3OC0, 1770, 1740, 1695, 1590 and 1500cm ? Y(CDC1 3 ) 

2C 1.39 (IK, br s, NK) , 2.4-2.8(9H, m, phenyls), 4.60(2K, s, 
benzyl CHj) f 5.89(lK, d J 7Hz , C2-H), 6.07 (1H, add J12 
7 and 5Hz, C3-H ) , 6 . 2 -6 . 5 ( IK , m, C5-K), 6.89 (iH, dd 
J16 and 4Hz , C6-H) , 7.20QH, dd J16 and 2^Kz, C6-H) , 7.5- 
8.2 (2H f in, C4-K 2 ) and 7.88(3H, s, COCH 3 ); (Found: 

25 c, 64.2; H, 5.4; N, 6.9%. C 2 2 K 22 N 2°4 S re ? uires 
C, 64.4; H, 5.4 and N , 6.8%). 
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Example 59 

Benzyl 3- ( 2-nitroethylthio) -7-oxo-l-azabicyclo [ 3. 2 .0] 
heptane-2-carboxylate 




lO 



An ethyl acetate solution of 4-allyl-l- (1- 
benzyloxycarbonyl-l-triphenylphosphoranylidenemthyl) 

azetidin-2-one (37) (1.46 g) was ozonolysed and cyclized 
as described in Example 53. The crude product (13) was 
dissolved in dry dimethylf ormamide (5 ml) and a solution 
of 2-nitroethanethiol (0.30 g) in .dimethylf ormamide (2 ml) 
was added, followed by powdered potassium carbonate 
(0.19 g) - The reaction was stirred at room temperature for 
2 hours and the solvent was then stripped off under high 
vacuum. The residue was partitioned between ethyl 
acetate and brine and the organic phase was separated, 
dried over sodium sulphate and concentrated. It was 
chromatographed on silica gel 60 (^230 mesh) eluting 
with ethyl acetate/60-80 0 petroleum ether 3:7 grading 
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to 7:3, and fractions containing the required oroducts 

were rechrcmatographed on the same support using ethyl 
c 

acetate/ 60- £0 petroleum ether 4:6. This cave two 
isomers of benzyl 3- ( 2-nitroethy 1 thio) -7-oxo-l- 
5 azabicyclo [3.2 . 0]heptane-2-carboxylate (122) and (123). 
The less polar compound was the 2a, 3a-isomer (12 2) 
(0.025 g) ; v (CHC1 ) 3020, 2960, 1770, 1750sh and 

— 2_ A Jj 

1560cm ; nr'(CDCl 3 ) 2.66(5H, s, phenyl), 4.32(2H, s, 
benzyl CH- ) , 5-.60(2H, t J7Hz, CH 2 NC> 2 ), 5.65 (2H, d, 

10 JShXz, C2-H) , 5.9-6.4(2H, m , C3-H and C5-K), 6.70(lH, 
dc J15 and 4kUz , C6-H) , 6.94 and 6.96(2H, 2t J7Hz, 
SCH 2 ) , 7.26C1H, dd J15 and 2Hz , C6-H) , 7.41(1H, dt 
J13 and 6Hz, C4-H) , and 6.44(1H, ddd J13, 9 and 7Hz , 
C4-H) ; (M ' at m/e 350. C,,H. 0 N_0 C S recuires 350). 

15 The more polar product was the 26. 3a-isomsr (123) 

(O.OIO a); v (CHC1 ) 3000, 2940, 1770, 1740 and 1560 

^ Hi ci O 

cm ; 1* (CDC1 3 ) 2.65(5K, s, phenyl) , 4.72 and 4.89 

(2H, ABq J12Hz, benzyl CH^) 5.64 (2K, t J6^Kz, CH-,N0 2 ), 

5. 89 (IK, d J7K2, C2-K) , 6.1-6. 5(2H, m, C3-K and C5-H) , 

20' 6.7-7.K3K, m, C6-K and SCH 2 ), 7.18(1K, dd J15 and 2^.Kz, 

C6-K) , 7.73(1H, dt J12 and 6Hz,.C4-H) and 8.09 (1H, td 

J12 and lOKz ; C4-R); (M + at m/e 350. C^K,.N^0 r S 

lb 1 & z: _> 

requires 350) . 
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Example 6Q 

Benzyl 3- (2-hydroxyethylthio) -7-oxo-l-azabicyclo [ 3 . 2 . O 3 
heptane- 2 -carboxy late 



H 




(125) (126) 



The benzyl ester (13) (0.175 g) in dimethyl- 

formamide (2 ml) was treated with mercaptoethanol 

(0,085 g; 77 yl; 1.5 equivalent) in the presence of 

finely-ground anhydrous potassium carbonate (O.lO g; 

5 1 equiv. ) at 0° for 1 h. The reaction mixture was diluted 

with ethyl acetate, washed with saturated aqueous sodium 

chloride solution (x 3) and the ethyl acetate dried over 

MgSO^. Recovery gave a gum which was chromatographed 

on Kieselgel (<230 mesh) (10 x 2 cm) . Elution with 

lO ethyl acetate - chloroform (1:1) (4 ml fractions) gave 

(fractions 14-17) benzyl 3a- (2-hydroxyethy lthio) -7-oxo- 

1-azabicyclo [ 3 . 2 . 0 ]heptane-2a-carboxy late (12 4) as a 

gum (0.068 g) , v (CHC1-J 3500 br , 1760 and 1745 sh 

_ i max J 

cm ; 6 (CDC1 3 ) 1.6K1H, 5 lines, J 14, 8 and 7Hz, 

15 C4a-H) , 2.22br(lH, D 2 0 exchangeable), 2.53(1H, q, J 

14 and 7Hz , C46-H) , 2.69 (2H, m) , 2.77(1H, dd, J 15 and 
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3Hz, 66-H), 3.28UH, dd , J 15 and 5Hz, 6a-H). , 3.62br 

(2H, sharpening to q, J 3.5Hz on D 2 o exchange), 3.77(2H 

m, v\ 15Hz, 3S-H + 5a-H) , 4.46 (1H, d, J 5.6Kz, C2S-H) , 

5.13(2H, s), and 7.29(5H, s) . (Found: M + , 321.1055. 

C 16 H 19 N °4 S requires M, 321.1035). 

Fractions 18-20 contained isomers (124) and 

(125) (0.031 g) in the ratio 7:3 (n.m.r. spectrum). 

Further elution of the column (fractions 21-27) 

gave benzyl 3 8- (2-hydroxyethyl thio) - 7-oxo-l-azabicyclo 

[3.2. 0]heptane-2a-carboxylate (125) as a qujt : (0.031 g) , 

V max (CKC1 3 > 3500br, 1760, 1745cm" 1 ; 52.18<2H, dd , 33 

and 6Hz, C4-H 2 ), 2.25br(lH, D 2 0 exchangeable), 2.70(1K, 

dd, J 16 and 4Hz, C6B-H) , .2.69 (2K, m) , 3.32 (IK, dd , J 16 

and 5Hz, C6a-H) , 3.65(3H, m, sharpening on D 2 0 exchange, 

-S-CH 2 -CH 2 -OH + C3a-H) , 4.05(1H, m, lOHz , C5a- H ) , 6.74 

(1H, d, J 7.1Hz, C2B-H), 5.14(2H, s) and 7.30(5H, s) ; 

on irradiation at the frequency of the C5a- proton, the 

signals of the C6-proton resonances simplified to 

doublets J 16Hz,. and C4-H 2 resonance sharpened to a 

20 doublet J 9Hz (Found: K + at m/e 321.1102. C H NO S 

16 19 4 

requires 321.1035). 

Finally fractions 33-38 yielded benzyl 3a- 
(2-hydroxyethylthio) -7-oxo-l-azabicyclo C 3 . 2 .olheptane-2 S- 
carboxylate (126) (0.O20 g) ^ max (CHC1 3 ) 3500br, 1755, 
25 1730cm" ; 6(CDC1 3 ) 2.30(3H, m, C4-H 2 and OH), 2.65-3.1 
(3H, m, -S-CH 2 -CH 2 OH .+ C6a-H) , 3.5-4.05(4H, m, -S-CH 2 ~ 
CH 2 0H + C5a-H +-C6B-H), 4.22 (1H, d, J 7.5Hz), 5.28(2H, 
s) and 7. 38 (5K, s) . 
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Example 61 

Benzyl 7-oxo-3-tert-butylthio-l-azabicyclo [ 3 . 2 . O Iheptane- 
2-carboxylate 



H H H 




(13) (127) and (128) (129) 



Benzyl 7-oxo-l-azabicyclo [3.2 .0 ]hept-2-ene-2- 
carboxylate (13) (0.05 g) was stirred in dry dimethyl- 
formamide (1 ml) with tert. -butyl mercaptan (0.1 ml) and 
powdered potassium carbonate (0.016 g) . After 0.5 h at 
5 room temperature excess thiol was removed with a stream 
of argon. The reaction mixture was diluted with ethyl 
acetate (30 ml) and washed with 0.1N HC1 and then water. 
The dried (MgS0 4 ) organic phase was evaporated (in vacuo) 
and the crude material (0.075 g) chromatographed on silica 
lO gel 60 (<230 mesh) eluting with 3:7 ethyl acetate/60- 
80 0 petroleum ether. Initially eluted, was a mixture of 
isomers (127) and (128) (0.026 g) of the cc-carboxylate in 

a ratio of ca 8:1, v (CHC1-) 1765 and 1745 cm"" 1 ; 

— max 3 . 

6 (CDC1 3 ) for major isomer 1.25 (9H, s, Bu ) , 2.19 (2K, dd , 
15 J 9 and 6Hz , CH-H 2 ), 2.68(1H, dd, J 16 and 3Hz , C6-H 

trans), 3.29 (1H, dd, J 16 and 6 Hz, C6-H cis), 3.45 (1H, 
td, J 9 and 8Hz, C3-H) , 4 . 10-3 . 86 ( 1H , m, C5-H) , 4.66(1H, 
d, J 8Hz, C2-H) , 5.10(2H, s, CH 2 Ph), 7.26(5H, s, Ar) . 
(Found: M + , 333.1396. c is H 23 N °3 S rec 3 uir<ss M / 333. 1399). 
20 The 6»carbo^late (129) (0.017 g) was obtained as 

a single isomer, m.p. 85-87° (diethyl ether/60-80° 
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petroleum ether) , v^,, (CHCl,) 1765 .nd 1740cm" 1 , 
5 (CDCI 3 ) 1.25 (9H, s, Bu") , 1. 70-2 . 35 (2H , ir, , C4 -;;.,), 
2.72 (IK, dd, J i£ and 2 h Hz, C6-H trans), 3.05(1h! dd, 
J 16 and 5Hz, CG-H cis) , 3. 45-3 . 74 (2H , m , C3-K, C5-K) , 
4.0CUH, d , J S Hz, C2-H), 5.13(2H, s, CH^Ph) , ' 7. 28 
C5H, s, Ar) . (Found: C, 64.4; H, 6.8; N~ 3.9; S , 9.8 
M , 333.1378. C 1S H 2 3 N0 3 S requires C, 64.8; K, 6.S; 
Iv, 4.2; £.. 9.6*. M, 333 . 1399). ■ 
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Example 62 

p- Ni t robenzyl 7-oxo- 3- tripheny lme thy 1 thio-1-azabicyclo 
I 3.2. 0 ] heptane- 2 -carboxy late 



H 





C0 2 CH 2-O^ N °2 C0 2 CH 2-€^ N0 2 
(106) (130) 



p-Ni t robenzyl 7-oxc- 1-azaLi eye lo [3.2 . 0] hept-2-ene- 
2-carboxy late (106) (O. 1 c) was stirred in dry dimethyl- 
formamide (2 ml) with tripheny lmethy 1 mercaptan (0. 3 g) 
and potassium carbonate (Q.02h o) . After 1 * 2 h at room 
5 temperature the dime thy 1 forr..":.i -ic was rr-r.r-v^d under high 
vacuum and the residue diss./;. - : : r. <.*t:'.yl --r^te and 
washed with brine. The dried (V.eSC^ 1 cr^mc phase wjs 
evaporated to dryness and the residue chroma tocraphed 
on Kieselgel 60 (230-400 mesh ASTM) eluting initially 
lO with 1:10 ethyl acetate / 60-80° petroleum ether and 

then 3:7 ethyl acetate / 60-80° petroleum ether to give 
two isomers of the product (130). 

Isomer (i), if-:.'::-, C.T5 g) (less jwl.ir isomer), v 

* max 

(CHCl- 3 ) 1765 and 1750 (sh) cm ; f (CDClj) 1-97(1H / ddd , 

15 J 12, 9 and 3Hz , C4-H), 2.20 - 2.70(2H, m, C6-H and 

C4-H). 2 . 8O-3.05 ( 1H , m, C3-H) , 3.22(1H, dd, J 15 and 

6Hz, C6-H cis) , 3.63(1H, d, J 8Hz , C2-H) , 3.75-4.00 

(1H, m, C5-H) , 5,06 and 5.35 (2K, ABq, J 13Hz, CH 2 "C 6 H 4 «p 

-N0 2 ) , 7.10-7.40(15H, Ar) , 7.49(2K, d, J 9Hz, Ar) , 

20 8.09(2H, d, J 9Hz, Ar) . 

Isomer (ii) , was obtained as a crystalline solid (0.06 g) 

m.p. ca 200° (decomp. ) , v (CHC1-J 1765 and 1745 cm"" 1 ; 

— max 3 

<5 (CDC1 3 ) 1.84-2. 17 (2H, m, C4-H 2 ), 2.66(1H, dd , J 16 and 
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3Hz, C6-H trans), 3.00(1H, dd, J 16 and 6Hz, C6-H cis) , 
3.00-3.50(111, C2-H, C3-H and C5-H) , 5.13 and 5.39 (2H, 
ABq, J 12Hz, CH 2 -C 6 H 4 -p-N0 2 ) , 7 . 10 - 7.40(15H, Ar) , 
7.53(2H, d, J 9 Hz, Ar) , 8.06(2H, d, J 9Hz , Ar) . (Found 
C, 70.7; H, 5.1; N, 4.9; S, 5.9. C 3 3 H 28 N 2°5 S rec 2 uires 
C, 70.2; H, 5.0; N, 5.0; S, 5.7%). 



m 
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Example 6 3 

Benzyl 6- ( 3-methoxycarbonylprop-2-en-l-yl) -7-oxo-3- 
phenylthio-l-azabicyclo[ 3. 2 . Olheptane-2-carboxylate 



H H 




The phosphorane (33) (1,00 g) was ozonolysed and 
cyclized to the diester (34a) as described in Example 12. 
However the crude product was not chromatographed but was 
immediately dissolved in dry dimethy If ormamide (8 ml) . 
5 This solution was stirred at room temperature and treated 
with thiophenol (0.20 ml) followed by powdered potassium 
carbonate (0,13 g) . After a period of 1 hour the solvent 
was removed under high vacuum and the residue partitioned 
between ethyl acetate and brine. The organic phase was 

lO separated, dried over sodium sulphate and then concentrated. 
The residue was chromatographed on silica gel (60) (^2 30 
mesh) eluting with ethyl acetate / 60-80° petroleum ether 
3:7 to give two products. The least polar product was 
benzyl 6- ( 3-methoxycarbonylprop-2-en-l-y 1) -7-oxo-3 3- 

15 phenylthio-l^azabicyclot 3 . 2 .0]heptane-2ct-carboxylate (94) 
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(O.202 g) contaminated with a trace of the 2a, 3a-isomer 
It was a gum; (CHC1 3 ) 3000, 2960, 1765, 1740, 1725 

and 1660cm 1 ; ^(CDC^) 2.6-2.9 ( 10H , m, phenyls), 3.16 
(1H, dt J15 and 6Hz, CH 2 -CH=) , 4.20(lH, dt J15 and 1Hz 
=CH-C0 2 ), 4.88(2H, s, benzyl C^), 5.30(1H, d J7Hz , C2-H) , 
5.78(1H, g J6Hz, C5-H) , 5.9-6.6(2H, m, C3-K and C6-H) , 
6.33(3H, s, OCH 3 ) , 7.3-7.7(2H, m, CH 2 ~CH=) and 7.82 (2H, 
dd J9 and 6Hz , C4-H 2 ); (M + at m/e 451.1462. C 25 H 25 N0 5 S 
requires 451.1453). The more polar product was the 
26, 3a-isomer (95) (0.191 g) ; v mstv (CHC1_) 3000, 2950, 
1770, 1730 and 1660 cm ; ^(CDC^) 2.6-2.9(10H, m, 
phenyls), 3.22 ( 1H , dt J 16 and 6Hz, CK 2 ~CH=) , 4.30(1H, 
dt J16 and 1Hz , =CH-C0 2 ) , 4.84 (2H, s, benzyl CH 2 ), 5.86 
(1H, d 7Hz, C2-H) , 5.9-6.4(2H, m, C3-H and C5-H) , 
6.32(3H, s, OCH 3 ) , 6 . 70 ( 1H , ddd JIO, 6 and 5Hz , C6-H) , 
7.4-8.M4H, m, C4-H 2 and CK 2 ~CH=) ; (M + at m/e 451. 1473 
C 25 H 25 N °5 S requires 451.1453). 
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Example 6 4 

Sodium 3-ethylthio-6- ( 3-methoxycarbonylprop-2-en-l-yl) - , 
7-oxo-l-azabicyclo[ 3 . 2 . 0]heptane-2a-carboxylate 



H H H H 




(25) (131) 



The £-bromophenacyl ester (25) (0.125 g) in 

anhydrous dimethylf ormamide (0,25 ml) was treated with an 

excess of sodium thiophenoxide (O.020 g; ca 1.5 equiv.) at 

0° in an atmosphere of argon. The solution was stirred at 

5 room temperature for 3.5 hour at which time all the ester 

(25) had been consumed. Cold ether (10 ml) was added 

dropwise, and the solution stirred at 0° for 30 minutes. 

The solution was decanted, and the precipitate washed 

well with further portions of cold, dry ether, to give 

lO the 2a, 33-isomer (131) (0.074 g) as the dimethylf ormamide 

hemi-solvate, m.p. 215-218°. (Found: C, 49.8: H, 5.5; 

N 7 5.3%. C 14 H 18 NNa0 5 S. h DMF requires C, 50. 0; H, 5.8; 

N, 5,7%; v (CHC1.) 1750, 1720, 1665 (DMF) , 1655sh, 

_ 1 ma_x j 

1605cm ; 6 < D 2 0) 1 *° 9 (3H ' t ' J 8Hz) ' 1>98 (2H ' t ' J 7Hz ' 
15 C4-H 2 ) , 2.3-2.6(2H, m) , 2.53(2H, q, J 8Hz), 2.71 (s) and 
2.87 (s) (together 3H, DMF), 3.60 (3H, s) , 3.67(1H, q, 
J ca 6 Hz, C6-H) , 4.12 (1H, q, J ca 6 Hz, C5-H) , 4.32 
(2H, d, J 7Hz, C2-H) , 5.85 br (1H, d, J 16 Hz), 6.89 (IE, 
dt, J 16, 6 Hz). 7.84 br (0.5 H, DMF). 
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Example 65 

Sodiuin 3-eth.ylth. io-6- (3-methoxvcarbonylprop-2-en-l-yl) - 

7-oxo-l- azabicyclo [3.2. 0 ]heptane-2 B-carboxylate 



H H 




SEt Me0 2 C 
C0 2 CH 2 CO-Qv-Br 



(27) 



H H 




'«'\ SEt 



C0 2 Na 



(132) 



The p-bromophenacyl ester (27) (0.077 g) in 
anhydrous dimethylformamide (0.5 ml) was treated with 
an excess of sodium thiophenoxide (0.03 g ; 1.5 equiv. ) 
in an atmosphere of argon at 0°. The solution was 
stirred at room temperature for 2 hours. Precipitation, 
and recover of the crude sodium salt (132) as in Example 
64 gave a gum (0.045 g) ; 
16lOcm -1 . 



V max (CHC1 3 ) 1750, 1720 and 
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Example 66 

Benzyl 3-ethylthio-6- ( 3-methoxycarbonylprop-2-en-l--yl) - 
7-oxo-l-azabicyclo[ 3 . 2 .O3heptane-2a-carboxylate 



H H ^ H H 




(131) (134) 



The sodium salt (131) (0.02 g) in anhydrous 

dimethylf ormamide (0.2 ml), was treated with an excess 

of benzyl bromide (0.05 ml) overnight. Removal of the 

solvent iri vacuo (oil pump, room temperature) , 

5 chromatography of the residue (0.04 g) on Kieselgel 

60 (Merck; 2 30 mesh) , followed by elution with ethyl 

acetate - petroleum ether (1:4) afforded benzyl 6- 

(3-methoxycarbonylprop-2-en-l-yl) -3S-ethylthio-7-oxo-l- 

azabicyclo[ 3. 2 .O]heptane-2a-carboxylate (133) as a gum 

10 (0.019 g) , v m=v (CHC1-) 1760, 1735, 1720, 1660cm" 1 ; 

max j 

6 (CDC1 3 ) 1.18 (3H, t, J 7Hz) , 2.0-2. 30(2H, m, C4-H 2 ) , 
2.3-2.75 (2H, m, C6 side-chain CH 2 ) , 2.56 (2H, q, J 7Hz, 
-SCH 2 CH 3 ) , 3.2-3.7 (2H, m, C3-H and C6-H) , 3.72 (3H, s) , 
ca . 4.1 br (1H, m, C5-H) , 4.69(1H / d, J 7Hz , C2-H) , 5.15 
15 (2H, s) , 5.82 br <1H, d, J 15 Hz), 6.85(1H, dt, J 15, 
6Hz) , 7.33 (5H, s) . (Found: m/e 403.1450. C 21 H 25 N0 5 S 
requires M + 403.1453). 
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Example 67 

Benzyl 3-ethvlthio-6- f 3-m e t-.ho xv carbonvl P r 0 p -?-on-i . _ 

J-oxo -l-azabic v clors^.mh.p^^-op.^,.,.^^ ^ 



Me0 2 C 



B H 




(132) 



u "ISEt 



COjNa 



MeQ 2 C 



K H 




(134) 



««( SEt 



CQ 2 CH 2 Ph 



10 



15 



Benzylation of the sodium salt (132) (O.045 a) 
with benzyl bromide (0.2 ml) in anhydrous dimethyl formamide 
(0.5 ml) overnight as previously described, gave an oil 
(0.080 g) which was chromatographed on silica eel 60 
Elution with ethyl acetate/6o-80° petroleum ether (3^7) 
gave benzyl 3a-ethyl thio-6- (3-methoxycarbonylpro D -2-en-l- 
yl) -7-oxo-l-azabicyclo [3.2. 0 Iheptane-2 B-carboxvlate (134 , 
as a gum (0.O85 g) which crystallised (ethyl acetate - 
light petroleum) as needles (0.029 g) m .p. H7° ; v 

(CHC1.,) 1765 I7qi; 1T)A , c c c -1 ' max 

3 ; x/od, 1/35, 1720, 1655 cm ; 6 (CDC1,) 1 17 

(3H t J 7Hz), 1.9 - 2 . 1(2 „, f 2m3 _l 6{ - 

2-54(2H, q, J 7Hz ) , 3 .28 <1 H ,. m, C 6-H) , 3.5-3.9(2H 

m , C3-H and C5-H) , 3.67(3H, s) , 4 . 0 9(lH, d, J 8Hz! C2.-H) , 

5.13 2H, S),.5.69(1H, dt , J 15, 1Hz) , 6.78(lH, dt , J 15, 

6 Hz ^ 7.30(5H, s). (Found : C; 62.1; H , 6,5; N 
3.4%; M 403.145 3. 



H 2 5 N °5 s requires C, 62.5: h, 



"21 25* 

6.2; N, 3.5%; M + , 403.1453) 
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Example 6 8 

Phthalidyl 3-ethylthlo-6- (3-methoxycarbonylprop-2-en-l- 
yl) -7-oxo-l-azabicyclo[3. 2 .O]heptane-2a-carboxylate 



H H 



Me0 2 C 




H H 



SEt Me °2 C 




SEt 



C0 2 R 



(25) R = £-bromophenacyl 
(131) R = Na 



C0 2 Phthalidyl 



(97) 



lO 



15 



The C2ct, C3g-ester (25) (0.20 g) in dime thy 1- 
formamide (2 ml, anhydrous) was treated with sodium 
thiophenoxide (0.055 g) as described above (Example 64) . 
After 6 h. the C2 a , C3e~sodium salt (131) was precipi- 
tated with ether in the usual way, and washed with a 
further portion of cold ether. The purified salt was 
redissoived in dimethylf ormamide (2 ml) and treated with 
bromophthalide (0,084 g) at room temperature in an 
atmosphere of argon overnight . The solution was diluted 
with ethyl acetate (50 ml) , washed with saturated aqueous 
sodium chloride solution (3 x 15 ml) and dried (Na 2 S0 4 ) . 
Recovery gave an oil which was chromatographed on 
Kieselgel (5 x 2 cm) [elution with ethyl acetate -light 
petroleum (3:7)], Fractions 23-31 afforded an oil which, 
on trituration with diethyl ether, followed by rapid 
removal of the solvent in vacuo gave a mixture of 
phthalide epimers of the C2 a , C3e-isomer (97) of the titl* 
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compound as a foam, which crystallised on standing at 
0° overnight. The material (0.126 g) (72% overall from 
£-bromophenacyl ester) had m.p. 48-50°. (Found: C, 59.1: 

H, 5.2; N, 3.1; S, 7.2. C^H^NC^S requires C, 59.3; 

5 H, 5.2; N , 3.1; S/ 7.2%; (CHCI3) 179 °' 177 0, 1750sh, 

1720, 1660cm , 6 (CDCI3) 1.14 (t, J/Hz , minor epimer) and 

I. 25 (t, j 7Hz, major epimer) (together, 3H) , 2.0-2.25(2H, 
m, C4-H 2 ), 2.3-2.8(4H, m} , 3.46(1H, m, 20Hz , C3a-H) , ' 
3.70(3H, s), 4.19(1H, m, W % 14 Hz, C5a-H) , 4.73(d, J 

10 7.5Hz) and 4.75(d, J 7 . 5Hz ) (together 1H, C2S-H), 5.85 
(IK, dd, J 16, 1 Hz), 6.89(1H, dt , J 16, 6Hz), 7.47(1H, 
s), 7.70br, (3H, s), 7.92(1H, m) ; \ (EtOH) 282 nm 

, _ lildX 

(£ 2,240), 2.74 (2500) , 228sh (17,700). 

Careful crystallisation of the material 
(CHCl 3 /EtOAC/Et 2 o) deposited rosettes of one phthalide 
epimer m.p. 140-142°. 
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Example 69 

Phthalldyl 3-ethvlthio-6-(3-me-thoxycarbonylprop-2-en-l- 
yl) -7-oxo-l-azabicyclo[3. 2.o3heptane-2g-carboxylate 




(135) 

(27) R = p-bromophenacyl 
(132) R = Na 

The C2B, C3ct-ester (27) (0.2 g) in dimethyl- 
formamide was treated with sodium thiophenoxide (0.055 g) 
(3h) . Purification of the sodium salt (132) was followed 
by treatment with bromophthalide (0.1 g) in dimethyl- 
5 formamide as in example 68. Recovery and chromatography 
gave phthalide epimers of the C28, C3a-isomer (135) 
(0.092 g)} v (CDC1-) 1785, 1770, 1740sh, 1720, 

1660cm ; 6 (CDCI3) . 1.24 (3H, t J 7Hz), 1.8-2.7(6H, m) , 
3.3UH, m, Vlh lOHz, C6a-H) , 3.67(3H, s), 3.8(1H, m, Vlh 
10 10Hz, C5a-H) , 4.08(d, J 5Hz) , and 4.17(d, J 5Hz) , (to- 
gether 1H, C2a-H) , 5.69(dt, J15, 1Hz) and 5.78(dt, J 15, 
1Hz) (together 1H) , 6 . 90 (1H, m, Vlh 20 Hz), 7.43(s) and 
7.46(s) (together, 1H) , 7.5-7.9 (4H, m) . 
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Example 7Q 

p-Bromophenacyi 3- t-butylthio-6- ( 3-methoxycarboxvlp ro^ 
2-en-l-yl)-7-oxo-l~azabicvclo[3.2 ,0. lheptane-2-carboxylate 



H H 




H H 




C0 2 CH 2 CO — ^"^V" Br 



SCMe. 



(136) C0 2 CH 2 CO- 




10 



15 



Me CUC ' 




Me^CS 



SCMe . 



(137) C0 2 CK 2 C0 




Br 



A solution of lithium t-butyl thiolate was 

prepared as follows: To a solution of t-butyl thiol 

(0.30 g; 375 ml) in tetr ahydrof uran (3 ml) was added n- 

butyl lithium (0.94 ml of a 2 . 4 M solution in hexane) 
, n o 

at - /o m an . atmosphere of argon. The solution was 
stirred for 5 min. and allowed to warm to 0° . To the 
£-bromophenacyl ester (24) (0.050 g) in dimethylf ormamide 
(0.5 ml) was added one equivalent of the lithium t- 
butyl thiolate solution (130 y 1) at -65° in an atmos-. 
phere of argon. After 10 minutes none of the p- 
bromophenacyl ester (24) remained. [t.l.c. analysis; 
development with ethyl- acetate - light petroleum (7:3)]. 
Recovery of the product in ethyl acetate indicated that 
a mixture of isomeric thiol-adducts (136) had been formed; 



V max (CHC1 3 ) 1760, 1740 f 1725sh, 1690, 1660 and 1590cm 



-1 



• ... 
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(no^ -2 double bond present at v 1610cm 1 ). Treatment 
of the product (136) with a second equivalent amount of 
lithium t -butyl thiolate reagent at -20° for 15 min. 
effected thiol addition across the acrylate double bond 
5 of the C6 - side chain* The reaction was quenched with 
saturated aqueous ammonium chloride solution, and the 
mixture extracted with ethyl acetate. Recover, and 
chromatography of the products [elution with ethyl acetate 
- light petroleum (7:13)] gave an isomeric mixture of 
lO bisthioether adducts (137) (0.048 g) (CHC1 3 ) 1760, 

1740 st, 1685, 1590 cm" 1 ; 6(CDCl 3 ) 1*32 (18H, s) , 
2.6 - 3.5 (lOH, m) , 3.71 (3H, s) , 5.37(2H, s) , 7.45 and 
7.83 (4H, AA 1 BB 1 , J 9Hz) . 
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Example 71 

Benzyl 6-benzyl--3-ethvlthio-7-oxo-; 
heptane~2-carboxylate 



.-asabicyclo[3. 2 .O. 



oh 




(138) CO-CH^Ph 
2 ^ 



-> 



H H 




(139; C ^ 2 CH 2 ?h 



K H 




(98) 



CQ 2 CH 2 Ph 




C0 2 CH 2 Ph 



Benzyl 6-benzyl-7-oxc-l-azabicyclo[ 3 . 2 . O. ] 
hept-2-ene-2-carboxylate (138) (0.420 g) was dissolved 
in dry dimethyl formaraide (5 ml) and treated with . 
ethanethiol (O. 12 ml) and potassium carbonate (0.087 g) . 
It was stirred at ambient, temperature for 1 hour and the 
solvent was then distilled off under high vacuum. The 
residue was partitioned between ethyl acetate and brine, 
and the ethyl acetate solution was dried over sodium 
sulphate and concentrated. The residue was carefully 
chromatographed on a column of silica gel 60 (<230 mesh) 
eluting with ethyl acetate/60-80 o petroleum ether 3:7 
to give three diastereoisomers of benzyl 6-benzyl-3- 
ethylthio-7-oxo-l-azabicyclo[ 3 . 2 .O. ] heptane-2-carboxylate 



# 
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as gums . The first compound in increasing order of 

polarity was the 2a, 3a-isomer (139) (0.054 g) ; v x 
(CHC1 3 ) 2950, 1765 and 1745 sh; *f (CDCI3) 2.6-2.9 
(10 H, m, phenyls), 4.86 (2H, s, OCH 2 ) , 5.59 (1H, d 
5 J 5Hz, C2-H) , 6.1 - 6.5 (2H, m, C3-Hand C5-H) , 6.6 . r- 

7.2 (3H, m, C6-H, C8-H 2 ) , 7.50 (2H, q J7Hz , SCH 2 ) , 7.55 
(1H, dt J14 and 7Hz , C4-H) , 8.41 (1H, dt J14 and 7Hz , 

C4-H) and 8.84 (3H, t J7Hz , CH 3 ) ; (M + at m/e 395.1554. 

C 23 H 25 N0 3 S rec 2 uires 395.1553). Next was the 2a, 36- 

10 isomer (98) (0.260 g) ; v (CHCl-) 2960, 1765 and 

max j 

1750 sh cm" ; T'CCDCl^ 2.6-2.9 (lOH m, phenyls), 4.87 

(2H, s, OCH 2 ) , 5.26 (1H, d., J7Hz , C2-H) , 6.lO(lH, td, 

J5^&2%Hz, C5-H) , 6.52 (1H, td J9 and 7Hz , C3-H) , 6.7 - 

7.2(3H, m, C6-H, C8-H 2 ) , 7.47(2H, q, J7Hz , SCH 2 ) , 7.89 

15 (2H, dd J9 and 5%Hz, C4-H 2 ) and 8.85(3H, t J7Hz , CH 3 ) ; 

(M + at m/e 395.1553. C 23 H 25 N0 3 S requires 395.1553). 

Lastly was obtained the 26, 3a-isomer (140)(0.112 g) ; 

v (CHC1-J 2960, 1770 and 1745 cm" 1 ; ^(CDCl,) 2.6- 
max j o 

2.9(10H, m, phenyls), 4.82 (2H, s, OCH 2 ) , 5.94(1H, d 
20 J8Hz, C2-H) , 6.2-7.2(5H, m, C3-H, C5-H, C6-H and C8-H 2 ) 
7.51(2H, d J7Hz, SCH 2 ) , 7.83(1H, dt J12 and 6Hz , C4-H) , 
8.10(1H, td J12 and 9Hz , C4-H) and 8.86(3H, t J7Hz , 
CH 3 ) ; (M + at m/e 394.1560. C 23 H 25 N0 3 S requires 395. 
1553). 
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Example 72 



Benzyl trans-6- ( l-hvdrovy n-hyvi -7 -oxo-3-phenvl j-m „-i - 
azabicyclofS^.Qjheptane-P-^^^^^ 



Me 




(52) 



OH 

5- H H 



Me 



O 



(100) 



C0 2 CH 2 Ph 




C °2 CH 2 Ph 



S H H H 



Me 



7 




(99) 



SPh 



t:o 2 CH 2 Ph 




SPh 



C0 2 CH 2 Ph 



(141) 



10 



A solution of benzyl trans-6- (1-hydroxyethyl) 
-7-oxo-l-azabicyclo[ 3.2.o]hept-2-ene-3-carboxylate (52) 
(0.300 g) in dry dimethy If ormamide (3 ml) was treated 
with thiophenol (0.12 ml) and finely ground potassium 
carbonate (0.072 g) . It was stirred at room temperature 
for 1 hour and the solvent was then stripped off under 
high vacuum- The residue was dissolved in a mixture of 
ethyl acetate and brine, and the organic phase was 
separated, dried over sodium sulphate and concentrated. 
This was chromatographed on silica gel 60(^2 30 mesh) 
eluting with ethyl acetate/60-80 0 petroleum ether 1:1 
grading to 7:3, to give two main fractions containing 
isomers of benzyl trans-6- (1-hydroxyethyl) -7-oxo-3- 



# 



f n n ? 5 .< 4 
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phenylthio-l-azabicyclo[ 3 . 2 . 0]heptane-2-carboxylate . The 

less polar fraction was a mixture (0.204 g) of the 2a, 3$ 

isomer (99) and the 2a, 3a-isomer (100) in a 2:1 ratio; 

v (CHC1-) 3470, 3000, 1760, 1740 and 1585cm" 1 ; Y(CDCl->) 

max 3' ' f ' ' I v 3' 

5 2.5 - 2.9(lOH, m, phenyls), 4.85(lV3H, s, 3S-isomer, 

benzyl CH 2 ) , 4.94( 2 /3H, s, 3a-isomer, benzyl CH 2 ) , 5.24 

( 2 /3H, d J7Hz, 3B-isomer, C2-H) , 5.57( 1 /3H / d J4Hz, 3a- 
isomer, C2-H) , 5.7-6.3(3H, m, C3-H, C5-H and C8-H) , 6.79 

( 1 /3H / dd J6 and 2%Hz> 3a-isomer, C6-H) , 6.98( 2 /3H, dd 
10 J6 and 3Hz , 36-isomer, C6-H) , 7.4-8.3(3H, m, C4-H 2 and 
OH) and 8.72 (3H,d J7Hz, CH 3 ) ; (M + at m/e 397.1364. 
C 22 H 23 N0 4 S rec 3 uires 397. 1346). The more polar fraction 
was crystallised from ethyl acetate/60-80 0 petroleum 
ether to give the 2B, 3a-isomer (141) (0.055 g) ; m.p. 

15 111-112°; v (CHC1-) 3480, 2980, 1765, 1740 and 1585cm" 1 ; 

max «3 

TlCDClg) 2.6-2.9(10H, m, phenyls), 4.80(2H, s, benzyl 
CH 2 ) , 5.82 (1H, d J7Hz, C2-H) , 5. 8-6.2 (2H, m, C3-H and 
C8-H) , 6.34 (1H, ddd, JlO, 5 and 225Hz, C5-H) , 6.84 
(1H, dd J4% and 2^Hz, C6-H) , 7.62 (1H, dt J12 and 5Hz, 
20 C4-H) , 7.86 (1H, s, OH), 7.9 3 (1H, td J12 and lOHz , C4-H) 
and 8.70(3H, d J6Hz , CH 3 ) ; (Found: C, 66.4; H, 6.1; • 
N, 3.4%. C22 H 23 N0 4 S requires C, 66.5; H, 5.8 and N, 3.5%. 
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Example 73 

genzyl 3-ethvl thio- trans-6- (2-hvdro>:y-2-oroovl) -7-oxo-i- 
azabicyclo[ 3 . 2 . Q ] hept ane-2-carboxylate 



lO 




/ (43), C0 2 CK 2 Ph 



SEt 



C0 2 CH 2 Ph 



CO,.CH-,Ph 



(lOl) 



C0 2 CH 2 Ph 



(102) 



(103) 



A solution of 4-allyl-l- ( 1-benzylcxycarbonyl 
-1-triphenylphosphoranylidenemethyl) -trans-3- (2-hydroxy- 
2-propyl)azetidin-2-one (39) (0.800 g) in ethylacetate 
(50 ml) was treated with tri f luoroace tic acid (3 ml) and 
then cooled to -78°. Ozone was passed through the solution 
until it just became blue and excess ozone was then blown 
off in a stream of argon. An ethyl acetate solution of 
triphenylphosphine (0.363 g) was added and after 30 mins 
the reaction flask was transferred to an ice bath. The. 
solution was vigorously stirred and neutralized by 
addition of saturated aqueous sodium bicarbonate (90 ml). 
After 30 mins the organic phase was separated washed with 
brine and dried over sodium sulphate. It was then 
concentrated under reduced pressure to give a crude 




1 
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preparation of the bicyclic compound (43) . This was 

dissolved in dry dimethylf ormamide (6 ml) and the 

stirred solution treated with ethanethiol (0.15 ml) and 

powdered potassium carbonate (0.096 g) . After a period 

5 of 1 hour the solvent was stripped off under vacuum 

at room temperature and the residue partitioned between 

ethyl acetate and brine. The ethyl acetate solution 

was separated and dried over sodium sulphate and then 

concentrated. It was chromatographed on a column of 

lO silica gel 60 (<230 mesh) eluting with ethyl acetate/ 

60-80° petroleum ether 1:1 to give three isomers of 

benzyl 3-ethy lthio-trans-6- (2-hydroxy-2-propyl) -7-oxo- 

1-azabicyclot 3.2.0]heptane-2-carboxylate. The 2 a/ 3e~ 

isomer (101) and 2 a , 3 a -isomer (102) were obtained as a 

15 3:1 mixture (0.171 g) ; v mav (CHCIO 3450, 2970 and 1755 
i max 

cm" ; HrtCDCl-j) for (lOl) 2.69 (5H, s, phenyl), 4.88(2H, 

s, benzyl CH 2 ) , 5.28UH, d J7Hz , C2-H) , 5.97(1H, td 

J5 and 2%Hz, C5-H) , 6.53(1H, td J9 and 7Hz , C3-H) , 7.03 

(1H, d J2HHZ, C6-H) , 7.46 (2H, q J7Hz , SCH 2 ), 7.82 (2H, dd 

20 J9 and 5Hz, C4-H 2 ) ,7 . 99 (1H , br s , OH), 8.66(3H, s, CH 3 ) , 

8.7K3H, s, CH 3 ) and 8.84(3H, t J7Hz , CH 3 of SEt) ; 

^(CDCl^ for (102) 5.60(d J4Hz , C2-H) and 6.91(d, J2Hz , 

C6-H) . The 2e, 3a-isomer (103) was obtained as a 

crystalline solid (0.087 g) ; m.p. 89-91° (Et0Ac/60-80° 

25 petrol); v (CHC1,) 3480, 2970, 1765 and 1740 cm" ; 

max 

Y(CDC1 3 ) 2.7K5H, s, phenyl), 4.85(2H, s, benzyl CH 2 ) , 
5.9K1H, d J7*jHz, C2-H) , 6.2-6.5(2H, m, C3-H and C5-H) , 
6.95 (1H, d J2HZ, C6-H) , 7.48(2H, q J7Hz , SCH 2 ) , 7.75 (1H, 
dt J12 and 6Hz , C4-H) , 7.99 (1H, br s, OH), 8.08{1H, td 
30 J12 and 10Hz, C4-H) , 8.65 and 8.73(6H, 2s, C(CH 3 ) 2 ) and 

8.85(3H, t J7Hz, CH 3 of SEt); (Found: C, 63.1; H, 7.0; 
N, 3.8%. C 19 H 25 N0 4 S requires C, 62.8; H, 6.9 and N, 3.8%) 
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Example 74 



Benzyl 3-ethylthio-c is-6- (2-hydroxy-2-prop Y l) -7 -o^- i_ 
azabicyclo[3. 2 .Q]heptane-2-carboxvlate 



Me x OH 




C0 2 CK 2 ?h 



(38) 



C0 2 CH 7 Ph 



(41) 



(104) 



SEt 



CC 0 CH 0 Ph 



lO 



15 



A solution of 4-allyl-l-d-benzyloxycarbonyl- 

1- triphenylphosphoranylideneir.ethyl) -cis-3- ( 2-hydroxv- 

2- propvl)azetidine-2-one (38) (o. 512 g) in ethyl acetate 
(40 ml) was treated with tri f luoroacetic acid (2 ml) and 
then cooled to -78°. Ozone was passed through this 
solution until a permanent blue colour was just formed 
and the excess ozone was then removed by bubbling argon 
through the solution. The ozonide was reduced by addition 
of an ethyl acetate solution of tripheny lphosphine 
(0.233 g). The reaction vessel was transferred to an ice 
bath after 30 rains and saturated aqueous sodium bicarbonate 
(60 ml) added with vigorous stirring. The ethyl acetate 
solution was separated after 30 mins and then dried 

over sodium sulphate. The solution was allowed to stand 
at room temperature for 24 hours to allow cyclization to 
the bicyclic compound (41) to go to completion. The 
solvent was removed and the residue taken up in dry 
dimethylformamide (5 ml). This solution was stirred at 
room temperature and treated with ethanethiol (0.1 ml) 
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and powdered potassium carbonate (0.061 g) . After 1 hour 
the solvent was distilled off under high vacuum and the 
residue partitioned between ethyl acetate and brine. The 
ethyl acetate phase was separated, dried over sodium 
5 sulphate and then concentrated. The residue was 

chromotagraphed on silica gel 60K230 mesh) eluting with 
ethyl acetate/60-80 0 petroleum ether 3:7 to give benzyl 
3-ethylthio- cis -6- (2-hydroxy- 2 -propyl) -7-oxo-l-azabicyclo 
[3.2.0]heptane-2-carboxylate (104) (0.089 g) as a gum; 

10 v max (CHC1 3 ) 3600, 29 80 and 1755cm" 1 ; Y(CDC1 3 ) 2.72(5H, 
s, phenyl), 4.89(2H, s , benzyl CH 2 ) , 5.3K1H, d J7^Hz, 
C2-H) , 5.88(1H, ddd J9 , 6 and 3Hz , C5-H) , 6.36 (1H, dt 
J10 and 7^Hz, C3-H) , 6.65 (1H, d j6Hz , C6-H) , 7.05(1H, 
ddd J13, 1\ and 3Hz , C4-H) , 7.48(2H, q J7Hz , SCH 2 ) , 8.04 

15 (1H, ddd J13, 10 and 9Hz, C4-H) , 8.29 (1H, s, OH), 8.56 (3H, 
s, CH 3 ) and 8.74 (3H, s, CH-j) and 8.87(3H, t J7Hz , CH 3 
of SEt) ; M + at m/e 363.1518. C 1 9 H 2 5 N0 4 S rec 3uires 363.1504). 
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g-Lactamase inhibition results 



was automated hydroxyamine assay except for 
compounds marked + which were tesxed using the- 
automated chromagenic substrate assay. 
Results are presented as concentration of compounds in 
Hg/ml for SOZ, inhibition of enzyme, except s. 
percentage indicates amount of inhibition at 
maximum concentration of 2C^g/ml ( 50ug/ml for 
asterisked figures). 



Comp 
No . 


Ent . 

Cloacae 
P99 


Ps 

aerua 


F . 

Mirab 


Kleb 

C KZ. J_ ^ 


E . 


1 

Staph 
aureu s 




A 


C889 


E70 


JT4 


Russel 


55 
57 + 


NA 
19%* 


MA 
47% 


4 
3.5 


17%* 


' 28% 
c 


3.7 
12.5 


63 


16% 


NA 


3.3 




29% 


16.5 


65 + 


47%* 






NA 


C. 35 










35% 


67 + 


50 






NA 


G.7G 


30% 


68 


25% 


NA 


0.6 




e.o 


2.0 


69 




44% 


2.4 




12.2 


0.22 


71 




NA 


2.0 




8.5 


lO.O 


73 


31% 


NA 


1.2 




NA 


0.055 


78 


8.8 


38% 


40% 




1655 


7.6 


80 + 


21.3 






24 














8.5 


11.5 


82 + 


19 








13 










2 


20%* 


84 


3.9 


12.1 


NA 




16% 


NA ' 


86 


2.5 




NA 




NA 


NA 


88 


8.2 


23% 


13% 




8 


19% 
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Antibacterial activity in vivo 




C0 2 CH 2 Ph 



(55) 



Experimental model: Mouse intraperitoneal infection 

Micro-organism: Escherichia coli 8 suspended in 3% AL1 

mucin plus 1% carboxymethylcellulose 

Dosing route: Subcutaneous 

Dosing schedule : 1, 1.5, 2, 2.5 hours after infection 



CD^q Value mg/kg (total dose) 



Expt No 


Compound 55 


R21 
R23 


5.2 
8.8 



Maximum total dose was lOO mg/kg and this was tolerated 
by the mice. 
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A compound of formula (I) : - 



O 

T 

S 



(I) 



CG 2 R 



v.-herein G is hydrogen, c-lkyl, a l 
alkyl or substituted alkenyl , R , 
substituted f-.lkyi or substituted 
organic croup such th:-.t -CC-.R is 



i s 
<j~ r v 



'1, si; 
ester 



cr a. 
d i 



l1 c ' 



A compound as claimed in claim 1 wherein G is hydroaen 
an alkyl or alkenyl group containing up to seven carbon 
atoms . 

A compound as claimed in claim 1 wherein G is prc P -2-en 

yl, 3-methylbat-2-en-l-yl.pent-Z-en-l-yl f 3-methoxy- 
carbonylprop-2-enyl, or 4-oxopent-2-en-l-y 1. 
A compound as claimed in claim 1 wherein G is hydrogen. 

A compound as claimed in claim 1- wherein G is a group o 
formula (II) 



R 2 - c - r 3 
I 

R„ 



(II) 



wherein ^ is hydrogen or hydroxy! and R s - ld R 
which may be the sa,e or different, represent nydrcocn 
C l to C 6 al ^l. Pher.yl, or phe.-.M substituted b- o,e 
or more C to C alkvl orour^ c — r n 
mxro groups or halogen -t,;.,.or R 3 and R' together 
represent an alkylene group containing from 4 to 6 
carbon atoms. 

A compound as claimed in any one of claims 1-5 wherein 
Rj_ is C L to C 6 alkyl; Cl to C & alkyl substituted with 
amino, protected amino, o.r hydroxy; phenyl, or phenyl 
substituted with one or more halogen atoms, to C 

alkyl groups, to C g alkoxy groups, amino groups or 

protected amino groups. 



A compound as clam* <i in 
2-acetamidoethy i , ph- i.yl 

A compound as claimed in 
unbranched alkyl group. 

r * compound as claimed in 
ropyl or butyl. 



claim 6 wherein R^ is 
ci p-acetamidophenyl . 

claim 5 wherein R^ is an 
claim 8 wherein R-. is ethyl. 



compound as claimed in claim 6 wherein is a 
ertiary alkyl in which the tertiary centre is a to 
-e sulphur atom. 

compound as claimed in claim 10 wherein R^ is t-butyl 
r 1 , 1-dimethyl propyl . 

compound as claimed in any one of claims 1 to 11 
-herein R is C ± to C g alkyl, benzyl, substituted benzyl., 
nenacyl, substituted phenacyl or 2 , 2 , 2-trichloroethyl. 

compound as claimed in claim 12 
-\erein R is benzyl , p-nitrobenzyl , p-methoxybenzyl , 
r-enacyl or p-bromophenacyl . 

compound as claimed in any one of claims 1 to 11 wherein 
is an ester which is hydrolysable in vivo . 

compound as claimed in claim 14 wherein R is phthalidyl, 
"thalimidomethyl > a-ethoxycarbonyloxy e thyl or lower 
— kanoyloxymethyl . 

compound as claimed in claim 15 wherein R is pivaloyl- 
rzymethyl or acetoxymethyl . 

compound as claimed in claim 1 selected from the 
allowing series : — 

r.thyl ?-oxo-3-ethylsulphinyl-l-azabicyclo[3 , 2 ,0] 
hept-2-ene-2-carboxylate 



♦ • 



n ? C c A 



•-t 
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Benzy! T^o-^^,.^^.^^ 

-2-ene-2-ca.: boxy late 
Benzyl 7-oxo-3-ethy . sul P hinyl-l-azabicyclo [3 , 2 , 0 Tneot- 
2-ene-2-carboxylate 

Benzyl 3-acetylaminoethylsulphinyl-7-oxo-l-a Z abicyclo • 

[ 3 , 2 , 0 ]hept-2-ene-2-carboxylate 
Benzyl 3 - < 4 • Acetylaminophenyl ) sui P hinvl-7-oxo-l-azabicyc 

[3^,0 Jhept-2-ene-2-carboxylate 
Benzyl 3-t- b u,yX salp - ninyl . 7 _ oxa _ 1 _ az ^ . ^ ^ _ 

ene-2-carboxylate 
Benzyl 3- (2 -hydroxyethyl ) sulphinyl-7-oxo-l-azabicyclo 
[3,2 , 0]hept-2-ene-2-carboxylate 

Benzyl 7-6xo-3- t ritylaulphinyl-l-azabicyclo [3 , 2 . 0 Jhe P t- 
2-ene-2-carbo\7iate 

Benzyl 3-nitroethyl S ulphiayl-7-oxo-l-a 2 abic y clo [3 , 2 , 0 ] 
hept-2-ene-2-carboxylate 

Benzyl 7-oxo-3-tritylaminoethylsulphinvl-l-a Z abicyclo 

[3 , 2 . 0]hept-2-ene-2-carboxylate 
4-Nitrobenzyl 3-ethylsulphinyl-7-oxo-l-azabicyclo [3 ,2,0] 

hept-2-ene-2-carboxylate 
4-Nitrobenzyl 3-acetylaminoethylsulpbinyl-7-oxo-l- 

azabicyclo[3,2,0]hept-2-ene-2-carboxylate 
4-Nitrobenzyl 7-oxo-3-trityla m inoethylsulphinyl-l- 

azabicyclo [ 3,2,0 ]hept-2-ene-2-carboxyiate 
and 4-Nitrobenzyl 3-(4« nitrobenzyloxycarbonyl- 
^inoethylsulphiny^-oxo-l-azabicyclo [3 , 2 , 0]hept - 
2-ene-2-carboxylate . 

18. A compound as claimed in claim 5 selected from the 

following series 

Benzyl 6-(2-hydroxy-2-prop y l)-7-oxo-3-ethylsuiphinyl-l- 
azabicyclo [3 ,2,0 ]hept-2-ene-2-carboxylate 

Phthalidyl 6-(l-hydroxyethyl)- 7 -o X o-3-phenylsulphinyl-l- 
azabicyclo [3 , 2 , 0 ]hept-2-ene-2-carboxylate 

Benzyl 6- ( 1 -hydroxyethyl ) -7-oxo-3-phenylsulphinyl-l- 
azabicyclo [3,2,0 ]hept-2-ene-2-carboxy.iate . 
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19. A compound as claimed in claim 4 selected from the 
following series:- 
Benzyl 6- ( 3-methoxycarbonylprop-2-ene-l-yl ) -7-oxo-3- 

phenyisulphinyl-l-azabicyclo [3 , 2 , 0]hept-2-ene-2- 
carboxylate 

p-Bromophenacyl 3-ethylsulphinyl-6- ( 3-methoxycarbonylprop- 
2-ene-l-yl ) -7-oxo-l-azabicyclo [3,2,0 ]hept-2-e.ue- 
2-carboxylate 

Phthalidyl 3-ethylsulphinyl-6- ( 3-methoxycarbonylprop^ 
2-ene-l-yl ) -7-oxo-l-azabicyclo [3 ,2,0 ]hept-2- ; ; 
ene-2-carboxylate f 

2,2, 2-Trichloroethyl 3- ( 2 1 , 4 ■ , 5 • , -trichlorophenyl ) 

sulphinyl-6- ( 3-methoxycarbonyl prop-2-ene-l-yl )— 7- 
oxo-l-azabicyclo [3,2,0 ]hept-2-ene-2-carboxylats , 
and 

p-Bromophenacyl 3-t-Butyl sulphinyl-6- ( 3-methoxycarbor.yl 
prop-2-ene-l-yl ) -7-oxo-l-azabicyclo [3 , 2 , 0 ]hept- 
2-ene-2»carboxylate . 



20. A compound as claimed in any one of claims 1 to 19 

having the stereochemistry:- 

O 
f 

■ s. 




21. A compound as claimed in any one of claims 1 to 20 
having the relative stereochemistry 

H O 



C0 2 R 
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22. a compound as claimed in any one of claims 1 to 20 
having the relative stereochemist: 



H 




23. The of . compound as clalmed ^ ^ ^ 

ao^t " antibaCt " ial ~ in hi b i tory 



24. A pharmaceutical 



composition comprising a compound 
' one of i 
cally acceptable carrier. 



as claimed in any one of claims 1 to 22 ^ - v 

-ins. x to 2 2 and a pharmaceuti- 



25. A pharmaceutics composition comprising a compound 
or cephalosporin. 



26. a pharmaceutical composition as rla<ni ^ • 

the nenirnr • ~ irion as claimed m claim 25 wherein 

the penicillin is amoxycillin, ampicillin, talampicillin 
pxvampicillin or bacampicillin. P ' 

27. A method forpreparing a compound as claimed in any one 
of claims 1 to 22 which method comprises dehydrohalo- 
genatmg a compound of formula (VI) 

O 

T 



-N 



-A ^ R_ 



C0 2 R 



(VI) 



wherein G , R and RjL are a s defined with reference to 
formula (I) and a is chlorine, bromine or iodine, with 
a base of low nucleophilicity . 
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28. A process as claimed in claim 27 wtierein the base is a 
tertiary amine . 

29. A process as claimed in claim 28 wherein the base is 
t rie thy 1 amine or N-methylmorpholine . 

30. A process as claimed in claim 28 wherein the base is 
1 , 5-diazabicyclo [5,4,0 ]undec-5~ene , 1 , 4-diazabicycl o 
[2,2,2 Joctane or 1 , 5-diazabicyclo [4,3,0 ]non-5-ene . 

31. A process as claimed in claim 27 wherein the base is 
sodium thiophenoxide . 

32. A process as claimed in any out of claims 27 to 31 
wherein A is chlorine, 

33. A compound of formula (VI):- 




(VI) 



wherein G,R and are as defined with reference to 
formula (I) and A is chlorine bromine or iodine. 

34. A compound as claimed in claim 33 wherein A is chlorine, 

35. A method for preparing a compound as claimed in claim 

33 or 34 which method comprises oxidizing a compound of 
formula (VII) : 




(VII) 



C0 2 R 



wherein G, R and R 1 are as defined with reference to 
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formula (I) with an oxidizing agent suitable for 
converting sulphides to sulphoxides and thereafter 
reacting the sulphoxide so produced with a source 
of electrophilic halogen. 

36- A method as claimed in claim 35 wherein the oxidation. 

of iodobenzene dichloride , 1 mole of water and 3 moles 
of an organic base per mole of compound (VII) 

37. A compound of formula (VII) as defined in claim 35 " 



38. A method for preparing a compound as claimed in claim 
37 which method comprises reacting a compound of formul 
(VIII) :- 




(VIII) 



wherein G and R are as defined with reference to 
formula (i) with a thiol F^SH wherein R x is defined 
with reference to formula (I) in the presence of an 
inorganic base. 
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